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Sunxmary 

The v;ciy students of equal ability select and use 
:af feting information processing strategics has been 
correlated with consistent performance differences. 
Information processing strategies may be more critical 
than natural ability for learning. Thus, training in how 
to select and use more efficient techniques and stratecjios 
for selecting, storing, manioulating , and outputting 
information should help performance in learning. Identify!:. g 
and validating information processing strategics which 
can be used by Air Force students in technical training 
should enable improved levels of student learning 
performance and transfer of training to the job. 

Approach 

A literature review covering learning strategies 
which involve information selection, storage, manipu- 
lation and outputting was conducted. This review examined 
factors which research has suggested may influence 
strategy selection and use. Learning strategies were 
reviewed and analyzed. Recon\mendations based on the 
literature review were provided. 

Results 

A report reviewing and synthesizing psychological and 
educational research on learning strategics is presented 
as a basis for developing research for itr-proving student's 
learning strategies and skills. The report contains: 
ar. overview of strategy modification, a review of factors 
influencing strategy selection and use (including 
intellectual aptitude, personality variables, cognitive 
style, reception 1 preference , motivation, sex, and prior 
knowledge) a rci^-iew of learning strategies (general, 
comprehension, memory, problem solving and creativity), 
and" rocommendacions involving future research. This 
reporc develops and uses a conceptual framework providing 
coherence to the variety of studies v\^hich relate to 
research concerning learning strategies. 

Conclusions 

The review of the literature provides a quick insight 
into the state-of-the-art concerning learning strategies. 
It will be most beneficial in developing roso?rch for 
testing selected information processing strategies for 
use by students in Air Force technical training. 
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pertaining to learning strategies. Ilese?rch was accom- 
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LEARNING STRATEGIES J A REVIEW AND SYNTHESIS 
OF THE CURRENT LITERATURE 



Introduction 

Most educators and researchers in the area of 
education agree that we need to improve instructional 
effectiveness^ especially the transferability of 
classroom knowledge and skills to the job situation* 
The Air Force and other governmental agencies have 
been instrumental in stimulating research to provide 
a basis for educational improvements. In the main, 
these studies and subsequent attempts at implementation 
have been directed toward the improvement of teaching . 
That is, this research has been designed to ferret out 
ways of presenting information to students that will 
optimize their performance on a variety of criterion 
measures. The advent of computer assisted and computer 
managed instruction hss provided the flexibility 
necessary to tailor these empirically derived teaching 
methods to individuals, thus dramatically improving 
the chances for successful implementation. 

The extensive efforts directed at improving 
teaching methods , have overshadowed the few scattered 
attempts at developing a basis for improving students' 
learning strategies and skills. As we will argue, 
the relative neglect of the learning side of the 
educational coin is probably totally unwarranted and 
should be remedied as quickly as possible. Teaching 
aiid learning strategies need to be developed in 
concert, consequently, due to previous emphasis on methods, 
research on learning strategies needs to be brought 
"up to speed.** The present review and synthesis of 
psychological and educational research on potentially 
relevant strategies is a small step in this direction. 

Because most of the work on strategies is recent, 
the bulk of the literature covered in this review was 
published during the period from 1967 to the present. 
This research is extremely diverse in its conception » 



and much of it is at such a basic level that it will 
be necessary to extend and expand it prior to educa- 
tional implementation. One of the major contributions 
of this review and synthesis is the development of a 
conceptual framework within which these diverse 
studies can be placed. This framework appears to add 
a coherence to the literature that has been previously 
missing. The following major topics will be covered 
in this report: 

Manipulation of the Educational Environment 
Versus Manipulation of the Student. 

Manipulation of the Student: An Overview of 
Strategy Modification 

Factors Influencing Strategy Selection and 
Utilization 

Intellectual Aptitude and the Availability 
of Strategy Skills 

Personality Variables 

Cognitive Style 

Reception Preferences 

Motivation, Sex, and Prior Knowledge 

Learning Strategies: General 

Learning Strategies: Specific 

Comprehension Strategies 

Memory Strategies 

Problem Solving and Creativity 



Manipulation of Uie E ducational Environment 
Versus M anipulation of the student 

Let us begin with the following quote of unknown 
origin: "Give a man a fish and you feed him for a day. 
Teach a man how to fish and you feed him for a lifetime. 
Revising it we arrive at a somewhat updated version; 
"Give a man some cleaned, cooked fish, and you feed 
him for a day. Teach a man the art of acquiring, 
cleaning, storing, and cooking fish and you feed him 
for a lifetime." 

If in the above quoti we substitute '•knowledge" 
for "fish," we now have a statement of some relevance 
to education. Attempts at improving instruction by 
manipulating the educational environment {that is, 
improving teaching) appear to be roughly analogous 
to attempts at 'Juving a man some cleaned, cookcJ fish/' 
that is, providing knowledge in its most immediately 
consumable form. Conversely, attempts at manipulating 
the student (that is, improving learning strategies) 
are analogous to "teaching a man the art of acquiring, 
cleaning, storing, and cooking fish," that is, providing 
skills appropriate to acquiring and using knowledge 
regardless of its form. As is obvious from the remain- 
ing portions of the original quote, the authors are 
biased toward improvement of educational effectivcnesa 
via the latter approach. The remainder of this section 
will deal with the shortcomings of attempts at improving 
teaching methods without regard to learner strategies. 

Studies on improving teaching have dealt with a 
variety of aspects of the educational environment. The 
effects of manipulating mode of presentation (lecture, 
discussion, movie, reading, computer, etc.), activity 
level of the student (responses required) , pacing (rate 
of presentation) , and sequence of instruction (ordering 
of concepts ) have been assessed in numerous studies. 
The first criticism of this approach stems from the 
general ineffectiveness of these types of manipulations. 
Dubin and Taveggia (1968) in an extensive review of the 
educational literature conclude that their "Data demon- 
strate clearly and unequivocally that there is no . 
difference among truly distinctive methods of college 
instruction when evaluated by student performance on 
final examinations (p. 35)." 



As an example of this apparent ineffectiveness 
at a more specific level, Dansereau, Evans , Wright. 
Long, and Actkinson {1973) and Dansereau, Evans, 
Actlcinson,and Long (1973) reviewed the literature 
anu conducted a series of experiments on the effect 
of instructional sequencing on comprehension and 
retention. In general, the previous results on 
sequencing have not been very encouraging. Experiments 
comparing random versus logical sequences of prograjnmed 
learning material have resulted in marginal or no 
effects on performance variables, The Dansereau, 
et al. studies corrected a number of the difficulties 
observed in previous studies and still found only 
marginal effects due to sequence. In these experiments, 
as well as previous ones, there have been substantial 
differences in performance between individuals that 
are unrelated to treatment conditions. This state of 
affairs would lead one to conclude that the aptitudes 
and/or strategies available to an individual may be 
prime contributors to performance differences. 

A number of researchers have hypothesized that 
individuals with different aptitudes would benefit 
from different teaching methods. In order to assess 
the feasibility of this hypothesis, Bracht (1970) 
h'^.s exhaustively reviewed studies designed to 
investigate aptitude-treatment interactions. Based 
on this review he has concluded that there is 
virtually no solid evidence for the existence of 
such interactions. Apparently, tailoring teaching 
methods to individuals varying in aptitude will not 
substantially improve educational effectiveness as 
it is typically measured. 
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Besides being marginally effective, an exclusive 
focus on improving teaching methods may lead » to 
inadvertent reinforcement of inappropriate and non- 
transferable learning strategies. Many approaches to 
teaching implicitly encourage rote memorization, a 
strategy which leads to the storage of information in 
a non- integrated fashion. In effect, knowledge 
acquired through rote repetition does not get meaning- 
fully related to other stored material. This severely 
limits the facility with which such information can 
be retrieved at a later date. Such a strategy, although 
perhaps useful in our present educational environments, 
is very maladaptive in many job situations where under- 
standing is far more important than mere storage. 
Although the limitations of rote memorization have been 
emphasized, the same arguments probably apply to a 
large number of other strategies developed by students 
to cope with a teaching-oriented education. 

In not stressing learning strategies, educators, 
in essence, discourage students from developing and 
exploring new strategies, and in so doing limit the 
students* awareness of his cognitive capabilities. 
These factors would net only limit an individual's 
participation in a situation requiring new learning 
strategies, but if the present strategies an individual 
has adopted do not match his cognitive capabilities, 
the emotional toll may be devastating* Most of us 
know individuals who spend inordinate amounts of time 
memorizing college or high school materials and are 
still barely '•gettii;ig by*" Such an individual's 
personal, intellectual, and social development must 
certainly suffer from the pressures created by his use 
of a relatively inefficient (although ultimately 
perhaps effective) learning strategy. 

In summary, exclusive emphasis on teaching methods 
may lead to ineffective instructional manipulations, may 
force students to develop non-transferable and inefficient 
strategies, may limit a student's cognitive awareness 
and performance, and may, consequently, extract a large 
emotional toll. The answer to this situation is clear, 
educators and researchers should be re-directing at 
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least some of their efforts to the developmeint and 
training cf appropriate learning strategy skills. 
In the next section we will provide a brief overview 
of this latter approach to educational improvement. 



Manipulation of the Student : An Overview 
of Strategy Modification 

The focus on teaching , in particular attempts at 
improving the presentation of materials, stems directly 
from the behavioristic (stimulus-response} influences 
that pervaded psychology up until the mid-1950 's. 
Behaviorism has traditionally ignored the organism and 
has concentrated on establishing relationships between 
stimuli presented and subsequent responses observed. 
To most behavior is ts the organism is an inscrutable 
"black box" which is not amenable to scientific inves- 
tigation. In the 1950 's there was an increasing 
emphasis on more complex behaviors such as problem 
solving and language processing* The failures of 
behaviorism to adequately deal with thes^ "higher order" 
activities stimulated the growth of a new school of 
thought: Cognitive psychology. The cognitive psycho- 
logist, unlike the behavioristf emphasized the role 
of the organisms "covert" manipulations of the incoming 
stimuli in predicting responses. Bruner, Goodnow, and 
Austin (1956) developed procedures for identifying 
subject strategies and demonstrated that different 
strategies were differentially effective for a concept 
learning task. Newell, Simon, and Shaw (1958) effec- 
tively simulated problem solving strategies via computer. 
Finally, Miller, Gallanter, and Pribram (1960) analyzed 
and catagorized strategies used in a wide range of tasks. 

Since these early efforts, the cognitive approach 
has replaced behaviorism as the dominant school of 
thought in experimental psychology. As is usually the 
case application lags behind basic research. Only 
recently have cognitive influences had a substantial 
impact on education. Even now there is a large amount 
of information available from basic cognitive studies 
that needs to be translated into the educational domain. 
As a step in this direction, this review and synthesis 
is an attempt to integrate information from cognitive 
and educational research related to learning strategies. 
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strategies, which can be defined as ways of 
selecting, storing, manipulating, managing, ^nd out- 
putting information, occur at ^11 levels of behavior. 
Similar taxonomies for strategies involved in or 
related to learning have been devised by DiVesta (1971) 
and Posner <1964), In general, they have developed 
three categories of strategies which roughly correspond 
to those involved in memorization, comprehension, and 
problem solving. For the purposes of this review we 
will maintain a similar categorization and will discuss 
the corresponding strategies separately. 

It should be obvious that the types of strategies 
used by an individual and their resulting effectiveness 
will be determined, at least to some degree, by intel- 
lectual and personality characteristics. Consequently, 
the first portion of this report will deal with factcsrs 
influencing strategy selection and utilization, followed 
by a discussion of general and specific performance 
effective strategies falling under the previously 
mentioned taxonomic categories. 

At various points in the review and synthesis, 
attempts will be made to delineate potential strategy 
training procedures. At least two general options are 
available along this line, individuals can be trained 
intensively in strategies in a separate course (speed 
reading and learning skills courses Vould be examples 
of this approach) or they can be trained in strategies 
in the context of regularly occurring content courses 
via teaching manipulations. Because the skills 
acquired in speed reading and study courses often do 
not transfer to other situations, the second alterna- 
tive is perhaps more attractive. However, utilizing 
recently developed techniques of behavior modification, 
separate courses may be structured to facilitate the 
transfer of acquired skills, l^is latter possibility 
also deserves exploration. 
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Factors Influencing Strategy Selection 
a^^d Utilizt it ion 

The purpose of this section is to discuss various 
characteristics of the individual that would influence 
him to choose or develop one learning strategy over 
another. In addition, the discussions will also focus 
on the characteristics that would influence the subse- 
quent effectiveness of the selected strategies. Toward 
this end, the following potential factors will be 
considered separately: intellectual aptitude and the 
availability of strategy skills, personality variables, 
cognitive style, reception preferences, motivation, sex, 
and prior knowledge. 

Intellectual Aptitude and the Availability of Strategy 
Skills. 



Not surprisingly, IQ has been found to be a dramatic 
individual difference variable in most psychological 
and educational research and should obviously be taken 
into account in the development and training of learning 
strategies. To d&te, such work has been limited only to 
showing the existence of gross performance differences 
related to IQ, a limitation which surely needs to be 
remedied in future studies. 

A second aptitude factor which is somewhat 
independent of IQ has been termed conceptual or inte* 
grative complexity. This has been defined as: "The 
extent to which dimensional units of information can 
be interrelated in different ways in order to generate 
new and discrepant perspectives about stimuli (Schroder, 
Driver, and Streufert, 1967, p. 25) This aptitude 
or capacity has been measured by a variety of techniques. 
For example, subjects are asked to complete a passage 
on some academic topic. Expert raters then analyze the 
subject *s output for the following type of evidence: 
Inability to generate conflict or diversity, inability 
to view a situation from another person's point of view . 
and see it in relation to one's own, inability to generate 
alternate perceptions and outcomes, tendency to seek 
structure, avoid delay, to close fast, etc. Persons 
with the above tendencies are rated "concrete" or "simple," 
persons with opposite tendencies are rated "abstract" or 
"complex. " 
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Schroder, Driver, and Streufert (1967) have also 
measured conceptual complexity in a multidime.nsional 
scaling task, in this situation a multivariate tech- 
nique is used to abstract a subject's conceptual space 
from his similarity judgments of all possible pairs of 
stimuli (for example, semantic concepts). The more a 
conceptual space contains dimensions of information that 
are not objectively or directly given by the situation, 
the more "abstract" or "complex" the individual. The 
"concrete" or "simple" person is considered to be more 
"stimulus bound." Also, according to the above authors, 
more balanced use of dimensions indicates a more 
"abstract" individual. 

In tactical simulation games, conceptually complex 
people apparently develop higher level strategies than 
simple persons no matter what the level of environmental 
complexity (Streufert, C lardy. Driver, Karlins, Schroder 
and Suedfeld, 1965? and Driver, 1962) . 

Claunch (1964) compared the examination performance 
of "concrete" (simple) and "abstract" (complex) students 
(holding Scholastic Aptitude Test scores constant) in an 
introductory course on personality. On objective ques- 
tions, "abstract" and "concrete" individuals scored 
equally well, while on essay questions, "abstract" persons 
performed at a significantly higher level. 

Along a similar line, Suedfeld and Hagen (1966) 
showed that high conceptual level subjects were better 
than conceptually simple subjects at solving complex 
verbal problems, but not at solving simple ones. 

"Complex" and "simple" individuals were asked to 
identify an indistinct or unstructured stimulus pattern 
and their pre-decision information processes were 
assessed. Structurally complex Js generated more alter- 
native responses and made greater differentiating, 
encoding, and inferring responses (Sieber and Lanzetta, 
1964) • Uncertainty and mediation training increased 
this information seeking behavior of structurally simple 
S3 to the level of structurally complex fis (Sieber and 
Lanzetta, 1966; Saloman, 1968). Analogous training 
procedures have also been worked out for academic 
environments (Sieber, 1969). 
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Conceptual complexity, vhich exhibits correla- 
tions ranging from .12 to .50 with IQ, appears to be 
a potentially potent factor in determining the types 
of strategies which can effectively be used by an 
individual. Obviously, learning methods requiring 
rapid integration of a diverse set of materials would 
be extremely difficult for a conceptually "simple" 
individual to employ. Conversely, "complex" students 
may become bored with simple strategies. Clearly, 
this variable needs to be considered in developing 
strategy training programs. The results of Sieber 
and Lanzetta (1966) and Salomon (1968) suggest that 
such programs might usefully include attempts at 
actually manipulating conceptual complexity. 

Training students to construct their own perfor- 
mance'-ef fective strategies is probably even more 
important than instilling specific techniques or 
methods. In either case, a student's strategy skills 
will be of critical importance. Even if trained in 
specific strategies, the student must know when such 
techniques can be appropriately used. 

The Structure of Intellect model (Guilford and 
Hoepfner, 1971) provides a good framework for discussing 
strategy skills. In this model, five intellectual 
"operations" have been identified by factor analysis 
of a large variety of paper and pencil tasks. These 
operations and their corresponding descrilptions are 
as follows s 

(a) Cognition - Immediate discovery, awareness, 
rediscovery, or recognition of information in its various 
forms, comprehension or understanding. 

(b) Memory - Fixation of newly gained Information 
in storage. 

(c) Divergent production - Generation of logical 
alternatives from given information, where emphasis is 
upon variety and quantity. 

(d) Convergent production - Generation of logical 
conclusions from given information, where emphasis is 
upon achieving unique or conventionally best outcomes. 
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<e) Evaluation - Comparisons of items of infor- 
mation in terms of variables and making judgments 
concerning criterion satisfaction. 

Based on their descriptions, these intellectual 
operations can be associated with the various processes 
generally required of a strategic learner facing a new 
task situation: 

1» Task perception - The learner must identify 
and store the task requirements i constraints, etc. 
(primarily cognition and memory) . 

2, Strategy generation - The learner must recall 
or construct alternative strategies that presumably 
would satisfy the task requirements (primarily divergent 
production) . 

3» Strategy selection - The learner must select 
a strategy for in^lementation (primarily evaluation 
and convergent producti on) . 

4. Strategy implementation - The learner must 
attempt to complete the task using the selected 
strategy (potentially could involve all of the Struc- 
ture of Intellect operations) . 

5. Strategy evaluation - The learner may evaluate 
his progress with the selected strategy and persist or 
reselect depending on the outcome of this evaluation 
(primarily evaluation) . 

From the above analysis, it seems reasonable to 
assume that the Structure of Intellect operations 
generally correspond to the basic skill components 
required for the development and implementation of 
learning strategies. Prior empirical work has shown 
that ability to perform the Structure of Intellect 
operations strongly relates to achievement in ninth 
grade math (Guilford, Hoepfner, and Peterson, 1965; 
and Guilford and Hoepfner, 1971), tenth grade geometry 
(Caldwell, Schroder, Michael, and Moyers, 1970), 
advanced calculus (Hills, 1957), and concept learning 
(Punham, Guilford and Hoepfner, 1968) . 



15 



The Structure of Intellect model probably should 
be used as a device for diagnosing strategy skill 
deficiencies. Based on these diagnoses specific train- 
ing can be provided. It should be noted, however, that 
an individual with appropriate prerequisite skills is 
not necessarily equipped to combine these skills in an 
effective fashion. This individual will most likely 
have to be further trained to efficiently employ his 
skins during strategy development and utilization. 

Personality Variables . 

The personality of a student will undoubtedly 
influence which learning strategies he selects and 
how effectively he implements these strategies. 
Perhaps the best way to illustrate these potential 
effects is to provide a few examples relating person- 
ality to performance on academic - like tasks. 

Rokeach(1960) implied that highly dogmatic 
learners would presumably reject new belief systems 
because of the threat such individuals associate with 
beliefs which differ from their existing cognitive 
systems. They, more than others, would probably avoid 
discrepant or novel information. On the other hand, 
low dogmatic learners would presumably experience no 
such threat and would, accordingly, be open to novel 
iiiformation. Experimentation on this issue has shown 
that high dogmatics make more errors than low dogmatics 
in learning "belief incongruent" associates (for example, 
ball-square) but excell in the acquisition of "belief 
congruent" pairs such as ball-round (Adams and Vidulich, 
1962). Along similar lines, Kleck and Wheaton (1967> 
found that high dogmatics recalled less information which 
disagreed with their existing beliefs than low dogmatics. 

A related variable focuses on an individual's view 
of ambiguous information. Budner (1962) defined intol- 
erance of ambiguity as a tendency to view ambiguous 
situations as threatening and tolerance of ajnbiguity as 
a tendency to view such situations as desirable. Feather 
(1964) found that the higher the intolerance for ambiguity 
the stronger the tendency to judge congruent arguments 
as correct even when those arguments were invalid. 
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Dogmatism and tolerance of ainbiguity would primarily 
influence strategy selection in tasks involving the 
manipulation of ambiguous or belief discrepant infor- 
mation, while a third personality variable, internal- 
external control of reinforcement, would appear to have 
a more pervasive impact. 

The concept of Internal versus External control 
of reinforcement, introduced by Rotter (1966), refers 
to the degree of control the person judges that he has 
over his environment. The person at the "internal" 
end of the continuum perceives outcomes to be a conse- 
quence of his own actions. The person at the "external" 
pole believes that outcomes are due to fate, luck and 
powerful others, and therefore, are beyond his personal 
control. "Internals" more actively seek information 
relevant to problem solving than "externals" (Davis 
and Phares, 1967). "Internals" tend to retain more 
information when this information is relevant to 
personal goals (Seeman, 1963, Seeman and Evans, 1962). 
And "Internals" tend to better utilize information 
that has been equivalently acquired and retained by 
internals and externals (Phares, 1968). Julian and 
Katz (1968) using a synonym/antonym word-pair identi- 
fication task showed that "internals" spend more time 
on difficult items than on easy ones, while externals' 
decision times are not related to item difficulty. 

In an extensive review, Coleman et al. (1966) 
found that sense of control over the environment was 
the best single predictor of Black students* academic 
achievement. It is interesting to note in this regard 
that Internal-External control is virtually unrelated 
to IQ (Hersch and Scheibe, 1967? Rotter, 1966). 
Because of its apparent impact on strategies and 
academic success this variable will be explored further 
in the present research program. 

Cognitive Styles . 

Cognitive styles, in many cases, appear to mediate 
between personality characteristics and aptitudes on 
one hand, and concrete strategies on the other. 
Cognitive styles have been defined by Witkin (1973) 
as: "characteristic modes of functioning that we show 
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throughout our perceptual and intellectual activities 
in a highly consistent and pervasive way (p. 2 ) 
and by Kagan, Moss, and Sigel (1963) as: "stable 
individual preferences in the mode of perceptual 
organization and conceptual categorization of the 
external environment (p. 74)." As can be seen from 
the above definitions, cognitive styles act more or 
less as meta-strategies , and as such create definite 
boundaries on the types of specific strategies 
av£ilable or potentially available to individuals. 
Examples of specific cognitive styles and their rela- 
txonship to educationally relevant variables will be 
presented next. 

Category width . A number of stu.lies (Gardner, 
1953? Bruner, Goodnow, and Austin, 1956) have demon- 
strated that individuals tend to use relatively constant 
category widths in the classification of objects and 
events. Pettigrew (1958) developed a Category Width 
Scale v/hich has now been related to a large number of 
other variables. Category Width has been positively 
correlated with breadth of stimulus generalization 
(Wallach and Caron, 1959), and negatively related to 
the recall of human faces in an incidental learning 
task (Messick and Damarin, 1964), High scorers 
(large category width) make more accurate perceptual 
judgments under normal conditions but not under 
distracting conditions (Bieri, 1969). 

Cognitive control . Klein (1954) characterized 
subjects who were susceptible to color-word inter- 
ference on the Stroop (1935) test as employing a 
constricted" mode of cognitive control and those less 
susceptible as employing a "flexible" mode of control. 
Lazarus, Baker, Broverman and Meyer (1957) found that 
under high relative to low incentive conditions that 
high interference subjects ("constricted" control) 
made more errors than "flexible" Ss in transcribing 
tape recorded material. 

Pes cr ip ti ve- analytic versus inf eren ti al-categor i cal 

versus r elational-contextuan Kagan, Moss, and Sigel 

(1963) have identified three style categories based on 
the subjects' grouping of common pictorial stimuli. In 
using a descriptive-analytic style the individual tends 
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to prefer to split these environmental stimuli into 
discrete entities and to respond to them as separate 
units. When the analytic individual is required to 
group stimuli for purposes of categorization, he tends 
to base his groupings on objective attributes shared 
by all of the stimuli. The inferential- categorical 
style is typified by a grouping of the stimuli which 
are categorized together. The relational- contextual 
response is based on a preference on the subject 
toward categorii?ing stimuli on the basis of functional 
or thematic relationships which may occur among these 
objects. 

Generally these last two categories are combined 
to form a "non-analytic" category. Thus producing a 
bi-categorical system, analytic style versus nonanalytic 
style. Sigel (1967) has constructed a paper and pencil 
test for tapping these two styles. 

Subjects who have been found to be analytic 
appear to attend to more factual detail in concept 
acquisition (Kagan, et al. (1963) , are superior to 
nonanalytics in learning concepts based on objective 
similarity of detail among visual stimuli (Lee, Kagan, 
and Rabson, 1963) , and score higher on performance 
tests than verbal tests (Kagan, Rosman, Day, Albert, 
and Phillips, 1964). Conversely, nonanalytics score 
better on verbal tests than performance tests; learn 
functional relationships better than analytics; and 
tend to be more impulsive than analytics on tests of 
cognitive control (Kagan et al., 1963; Kagan et al. , 
1964). There does not, however, appear to be a 
significant difference between these two style categories 
in terms of IQ. 

Beller (1967) has demonstrated that a specific 
teaching method can be designed to facilitate the 
learning of children in associating words with objects 
when the cognitive styles (analytic versus nonanalytic) 
of these children are identified and used to assign 
the children to teaching methods which are consonant 
with their stylistic preferences. 
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On the other side of the coin, Scott and Sigel 
{1965) showed that inquiry versus expository teaching 
nethcds used in grades 4, 5, and 6 actually influenced 
responses on the Sigel Cognitive Style Test (1967) , 
thus indicating that the analytic-nonanalytic styles 
are somewhat modifiable. 

yiel<3 dependence - field independence * The notion 
of field dependence and field independence was originally 
developed by witkin and his colleagues (Witkin, Dyk, 
Faterson, Goodenough and Karp, 1962? Witkin, Lewis, 
Hertzman, Machover, Meissmer, and Wapner, 1954). The 
Rod and Frame Test (RFT) , in which the subject is 
required to directly or indirectly adjust a movable 
rod to the true vertical position while the rod itself 
is located in a separately tilted frame, and the 
Embedded Figures Test (EFT) , in which the individual 
must detect simple geometrical figures contained within 
much more complex figures, have been used to assess 
field dependence. The more difficulty an individual 
has on the above two tasks the greater is his field 
dependence. Witkin and his colleagues (1967) have 
shown the invariance of the EFT and RFT scores under 
a variety of natural (for example, age, marriage, 
divorce) and experimental (for example, drugs, ECS, 
hypnosi s ) conditions , 

Kennedy (1972) found that field independence 
(PI) was related to success in aviation training for 
both pilots and non-pilots. These findings are 
consistent with a number of other studies that reported 
superior performance by field independents on various 
pilot simulating, pilot related, or pilot selective 
tasks (Benfari and Vitale, 1965 i Thornton, et al,, 
1968? Barrett and Thornton, 1968; Crutchfield, et al., 
1958). In addition, engixmexa have been found to be 
more PI than a general college sample (Barrett and 
Thornton, 1967), while students majoring in liberal 
arts are more field dependent (PD) than those majoring 
in physics, math, and chemistry (DeRussey and Putch, 
1971). Finally, it also appears that children with 
learning difficulties generally tend to be field 
dependent (Keogh and Donlon, 1972; Bruininks, 1969; 
Stuart, 1967). 
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A few attempts have been made to match these 
styles with teaching method. Ilester and Tagati: (1971) 
used a measure highly correlated with the EFT to 
assess analytic (FX) and global (FD) cognitive styles. 
They then instructed their Ss in two concept attain- 
ment strategies s "Commonality" (determining attributes 
common to correct instances) and "Conservative" 
(comparing negative and positive instances to find 
differences). S.s displaying analytic (FI) styles 
apparently could use either strategy effectively, 
while ^s displaying a global (FD) style were able to 
use the comm.onality strategy but not the conservative 
strategy. In another study, Grieve and Davis (1971) 
tested Analytic (Fl) and Global (FD) subjects after 
11 hours of geography using two methods of instruction 
(expository and discovery) . They found Analytic (FI) 
Ss did generally better than Globals (FD) and that 
there was no aptitude treatment interaction. 

Cognitive styles ; Implications . The examples 
presented above provide clear evidence as to the 
relatively strong relationship between cognitive 
style variables and academic-like performance. These 
styles or meta-strategies deserve farther consideration 
in the tailoring of instructional methods to individuals. 
In this regard, style- treatment interactions should be 
systematically assessed. 

The apparent academic superiority of some styles 
over others would suggest that explorations of training 
procedures should be undertaJcen. Most researchers have 
assumed styles are relatively lixed: however, there 
have been only a few scattered attempts at modifying 
styles through training. Perhaps teaching individuals 
specific concrete strategies that are incompatible with 
their styles would ultimately serve to alter theae 
meta-strategies . 

Finally, if styles did prove to be substantially 
unaffected by modification procedures, then strategy 
training programs would have to be concerned with 
matching strategies to styles. 
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Reception Preferonces. 

• 111 111"- - - 1 r |- 1^1 - 

At a somewhat more specific level than cognitive 
styles, individuals have preferences for receiving 
information in certain ways. As with styles, these 
preferences should influence the strategies available 
to a student and the effectiveness with which he 
applies them. Depending on their potency, these 
preferences will either limit which strategies can be 
taught to an individual or will themselves modified 
by strategy training procedures. 

Learning style preferences . Hartnett (1973) 
assessed four dimensions of learning style preference 
in 2,175 ^s. These dimensions were: 

(a) Preference for regular classwork versus 
independent study. 

(b) Preference for objective versus essay 
examinations . 

(c) Preference for lectures versus discussion. 

(d) Like versus dislike of doing individual 
research. 

As a result of this assessment study Hartnett found 
the following: 

On entering college, students generally preferred: 
regular classwork, objective exams, discussions, and 
were equally divided on attitude toward individual 
research. 

"Bright" entering students (as measured by 
Scholastic Aptitude Test scores and high school grade 
point averages) preferred: regular classwork, objec- 
tive exams, lectures, and individual research. 
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During che first twp years of college trends in 
preference generally were: from assigned to ^independent 
study, objective exams to essay exams, discussion to 
lectures, and toward more individual research. 

However, though there was a steady move toward 
preferences for less traditional styles during the 
first two years of college, it appeared to be the less 
able students whose learning style preferences were 
drifting in this direction. Although there were 
relationships between preferences and academic perfor- 
mances, it is not clear whether learning style 
preferences are a cause or an effect of course grades. 
Obviously, further research on this issue is needed. 

If learning style preference proves to be a viable 
educational variable then matching of instruction to 
preference would probably be beneficial. If such 
matching is impossible or ineffective, perhaps the 
teaching of effective strategies for dealing with 
non-preferred instructional methods would enhance the 
achievement of "poor" students. 

Educational set. Closely related to learning 
style preference Is~a variable that has been labeled 
educational set by Siegel and Siegel (1965) . The 
two extremes of educational set can be described as 
follows : 

A factually set learner is one who, by definition, 
Is predisposed to learn factual content. He adds units 
of information to his cognitive structure without being 
driven to interrelate these elements into any conceptual 
whole. For such a learner, a fact has an integrity of 
its own. 

A conceptually set learner is one who, by definition, 
rejects factual acquisition except as units of information 
that are clustered and interrelated. He prefers to learn 
concepts and principles. When confronted by a bit of 
factual information he either dismisses it as "imimportant" 
or subsumes it under a broader conceptual framework. 
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Siecrel and Siegel (1955) measured educational set 
by a force choiced inventory (Educational Set Scale) 
which required preference judgments. They showed that 
conceptually set learners exhibited higher performance 
on both conceptual and factual aspects of a final exam 
in a televised college course. In addition, Sanders 
and T^eng (1971) found some evidence that preference 
for conceptual versus rote learning was related to 
actual performance on concept learning and rote learning 
tests in the predicted directions. 

Based on these findings and intuitive grounds it 
seems reasonable to attempt to alter educational set in 
a conceptual direction. However, it is possible that 
by the time a student reaches college age, his educa- 
tional set is relatively fixed and resistant to change. 
If this is the case, the present studies suggest the 
wisdom of arranging for congruence between the student's 
set and the educational goals imposed upon him. 

Me^ia preference s and effects , Instructional 
information can be presented pictorially, verbally, 
auditorily, live, taped, or in some exotic combination 
of the above. Preferences for various types of media 
will potentially influence strategy utilization in 
ways analogous to cognitive style, learning style 
preferences and educational set. The actual effective- 
ness of various media in conveying information may 
reflect preference or the differential availability 
of effective acquisition strategies for different modes 
of presentation. 7f the latter case is correct, then 
strategy training will have to be media specific and 
should probably focus on the less effective types of 
media, ^ 

The hypothesis that adults generally have prefer- 
5 visual information is supported by Lordahl's 
(1961) finding that in a concept discrimination task 
subjects were more likely to attend to visual than to 
auditory stimuli. Also, Stevenson and Siegel (1969) 
found that as children get older, they pay increasing 
attention to visual information in film presentations 
and less attention to the auditory information. 
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James (1962) asked 503 basic airmen to e^tpress 
preferences for taking lesson by reading or by lecture 
( a no preference option was permitted) . There ware 
no performance differences associated with preference 
but for the total sample learning by reading was 
superior to lecture (.05 level). Preference was 
unrelated to ability, but the superiority of reading 
was greater for high- ability airmen. 

In accord with the above study, at the high school 
level and beyond, research results usually favor reading 
over listening (Belcastro, 1966? Beighley, 1952; Cody, 
1962) . King (1968) and King and Madill (1968) found 
that with college students reading and listening were 
about equally effective for retention of factual 
material, but that reading was superior for the compre- 
hension of the "gist" or "theme." Research with nonprose 
verbal materials support the idea that visual presenta- 
tion is increasingly advantageous for more difficult 
material (Schultz and Kasschau, 1966; Van Mondfrans 
and Travers, 1964). 

Combined audi tory-vi sua 1 presentation of connected 
prose either shows no advantage over visual presentation 
or actually constitutes an interference (Mowbray, 1953) , 
particularly if the materials are easy. 

In exploring the pictorial«verbal aspect of media, 
most researchers find that ideas represented pictorially 
are more easily learned than ideas represented by single 
words (Jenkins, Neale, and Dene, 1967? Lieberman and 
Culpepper, 1965). Rohwer, Lynch, Levin, and Suzuki 

(1967) found that memory for paired associates was 
enhanced when pictures of them showed action (as opposed 
to still pictures). 

With more educationally relevant material the 
results are not nearly so clear cut. Parsons and Frase 

(1968) reported that college students learn electricity 
principles just as well from verbal presentations as 
they do from graphic presentations. Dworken and Holden 
(19 "^9) found no differences in the effectiveness of 
lectures and filmstrips for teaching atomic bonding to 
graduate engineers. In addition, Eyes tone (1966) 
found no differences between bulletins, films, and 
lectures in teaching 4-H club information. 



On the other hand, Frederick (1969) found that 
students learned grammatical principles better from 
symbolic representations (tree diagrams of syntactical 
representations} than from verbal statements. Dansereau, 
Bvans, Long, and Actkinson (1973) found that college 
students learned basic physics concepts and oscilloscope 
operating procedures slightly better with a predominately 
pictorial rather than a predominately verbal presentation. 

The data on verbal versus pictorial presentation 
is indeed inconclusive. In addition to emphasizing 
individual differences and preferences, attention 
should be focused on equating familiarity with the 
codes and grammars of the media under examination. 
Our present educational systems provide extensive 
training in verbal skills, but little or no training 
in pictorial skills, thus biasing the above results 
in favor of verbal presentation. Training on pictorial 
skills may in fact lead to marked improvement in 
learning from pictorial presentations. Salomon (1972) 
has suggested that training Ss on pictorial conventions 
such as slow motion, zoomingT object rotation, etc. 
could aid in processing from pictorial presentations 
and could improve a student's imagery capability. 

With regard to combining verbal and pictorial 
presentations, Travers (1966, 1967) has reviewed a 
series of experiments which suggest that combined 
presentations are often less beneficial than presen- 
tations through single channels. He believes that 
combined presentations require rapid alterations of 
attention and may cause overloading of the separate 
channels. 

Motivation , Sex , and Prior Knowledge . 

Although beyond the scope of this review, it is 
worth noting that there are a number of other individual 
difference variables that would potentially influence 
the selection and utilization of particular learning 
strategies. Any comprehensive attempt at identifying 
and * aining educationally relevant strategies would 
have to take into account the motivation, sex, and 
prior knowledge of the students involved since each 
of these variables has proven to be significantly 
related to outcomes in learning-oriented experiraentation . 
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Learning Sto rateqiest General 

In the previous section we discussed a number 
of variables that could potentially influence learning 
strategy development and utilization. It is now txme to 
focus on actual strategies and their relationship to acadeniiG or 
academic-like performance. In this section vre will 
take a brief look at grossly defined st\xdy strategies 
and behaviors. These learning techniques are primarily 
measured by responses to generally state-" questionnaire 
items and consequently suffer from the lack of actual 
behavioral referents. However, the problems involved 
in tapping strategies in this way are probably over- 
shadowed by the economy and efficiency associated with 
the questionnaire approach* 

In addition to looking at the relationship 
between responses to questionnaire items and academic 
performance, we will also discuss some of the attempts 
made to modify study behaviors. 

Surveys of Study Strategies and Behavior . 

The four major questionnaires treated in the 
research literature will be presented separately. 

Brown and Holtzman survey of study habits and 
attitudes ( SSHAT T Brown and Holtzman (1953, 1966) 
developed, and revised a questionnaire to survey 
students' study habits, as well as their attitudes 
and motivation toward academic work. In its current 
form there are two majjr subscales. The Study Habits 
subscale contains items dealing with actual behavioral 
tendencies associated with effective academic work, 
such as promptness in dealing with assignments, ability 
to deal with distractions and use of effective study 
procedures. The Study Attitude subscale, on the other 
hand, focuses more on academic opinions and beliefs 
and contains items inquiring about the students' 
attitudes toward teachers, teaching methods, and various 
educational objectives and requirements. 
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Tho relationships found between total scores on 
the Survey of Study Habits and Attituf3es (SSHA) and 
tho Scholastic Aptitude Test (SAT) are typically very 
weak (correlations of about .05), thus indicating 
that reported study habits and attitudes are independent 
of intellectual ability (Brown and Holtzman, 1966). 

On tho ba 's of the data obtained from several 
different college populations, Brown and Holtzman 
(1966) reported that the average correlation between 
the SSHA and grade point average was found to be ,36. 
Using a high school population, Holtzman and Brown 
(196 8) found the correlations to be somewhat higher, 
averaging approximately .49. Reporting lower, but 
nonetheless significant correlations between SSHA 
and grade point average, Garcia and Whigham (1958) 
found that the correlations increased slightly when 
the SSHA was administered after the students had some 
college experience* Thus, in comparison to correla- 
tion of .24 when the SSHA was administered prior to 
entrance into college, a correlation of .32 was obtained 
after the students had experienced between one to tv;o 
quarters of college. 

Obviously the relationship between study habits 
and attitudes and ultimate academic achiever.ient may 
vary depending upon the nature of the courses in 
question. Brown and Dubois (1964) obtained significant 
correlations between SSHA scores and grades with 
engineering students, but failed to obtain significance 
for science and humanities students. 

In comparison to SSHA scores, SAT measures turn 
out to be better predictions of grade point average. 
However, a multiple correlation involving SSHA and 
aptitude scores is a better predictor of grades than 
either of the two measures separately. 

Goldfried and D'Zurilla (1973) correlated scores 
on the SSHA with peer and self ratings of effective 
behavior in various types of situations related to 
academic life (for example, relationships with instruc- 
tors regarding academic matters, selecting a major and 
a career). SSHA and peer ratings correlated ,45, while 
SSIU^ and self ratings correlated .53. 
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S^'^SS* s->v'idy B e havior n aestionn aire (SBQ) . 
Factoi" analysi-5 of "the SBQ {Biggs, 1^70a) resulted 
in the follcv.-.ag six factors: studv organisation, 
tolerance of .nnibiguity, cognitive siinplicity, capacity 
for intrinsic motivation, dogmatism, ana independence 
of study behavior. This questionnaire is composed of 
factors reflecting both study skills and cognitive 
styles . 

Biggs C1970b) reported low, but significant corre- 
lations between SBQ factors and standard personality 
tests. He concludes that the correlations, although 
low, confirmet?^ and in some cases augmented, the 
meanings attributed to the factors in the previous study. 

Biggs {1970a) administered his questionnaire to 
314 students entering in either the Arts or the Sciences 
at a university in Melbourne, Australia. He found that 
Arts students tended to be more organized in their 
approach to study than Science students, but that 
organization had no direct relationships to performance. 
Sianificant relations found between SBQ factors and 
performance belonged to the cognitive style domain 
(cognitive simplicity, ambiguity, dogmatism, and 
independence) rather than the easili' trainable skills- 
habit domain. Biggs concludes that attempts to alter 
study behavior should be directed towards a deeper 
level of operating than is aimed at by the usual study 
skills program (for example, Morgan and Deese, 1957). 

Goldman and Warren Study strateg y Questiohnaire 
(SSQ)' Goldman and Warren (1973) developed a 64 item 
questionnaire from students* responses to the question, 
"What study strategies do you use?" Factor analysis 
of the responses to th-? questionnaire resulted in seven 
subscales: clerical diligence, academic savy, mnemonics, 
planfulness, formal thinking, note taking, and trans- 
formation and application. 

Goldman and Hudson (1973) administered the ques- 
tionnaire to 256 freshmen college students. In 
addition, they administered selected abilities tests 
from the kit of Reference Tests for Cognitive Factors 
(French, Ekstrom and Price, 1963). Major field groups 
(science versus nonscience) were found to differ 
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significantly in both abilities and strategies. Number 
facility v/as the host ability cJiscriminator among major 
fields, while formal reasoning (logic) and transforma- 
tion-application were the best strategy discririinators. 
It appears that the science majors oxcell in number 
facility and make more use of formal reasoning (logic) , 
while nonscience majors make m.ore use of trans form.at ion- 
application (active integration of scholastic information), 
VJlien abilities are partialed out, the strategy tlifferencos 
between major fields become even clearer. However, when 
strategy measures are partialed out, the ability 
differences between major fields are no longer significant, 
thus, suggesting that strategy differences between major 
fields exist independently of ability differences. 

In comparing high, middle, and low grade point 
average groups, it appeared that the groups differed 
on strategies but not on abilities. Planfulness and 
formal reasoning best discriminated am.ong grade point 
average groups. Goldman and Hudson conclude that the 
findings support the idea that strategies may be m>ore 
fundamental determinants of academic success than 
abilities. 

Questionnaire on strategies employed in learn ing 
statistics . Goldman (1972) developed a short statistics 
learning strategy questionnaire based on a series of 
interviews with undergraduate psychology students. The 
questionnaire required students to indicate which of 
the following strategies best described cheir approach 
to statistics: 

(a) Mathematical - Formal: Try to learn algebraic 
derivation of each statistical technique. 

(b) Logical - Formal: Try to learn the underlying 
reasons for the technique in a verbal way. 

(c) Mnemonic - Concrete: Try to learn the 
computational techniques by observing examples often 
without worrying about reasons for the technique. 
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The mathematical-formal strategy v^as so rarely 
chosen that it was combined v/ith thf^ logical strategy 
group for the purposes of experimentation. Goldman 
(X972) compared strategy groups with respect to 
performance in two undergraduate classes: statistics 
and experimental psychology. The logical group 
received significantly higher grades on a number of 
academic 'criteria in both courses. Criteria included 
course grades, test grades, laboratory grades, and 
term paper grades. The strategy groups did not differ 
significantly on six ability measures, nor did removal 
of ability covariants reduce the performance differ- 
ences between strategy groups. On the basis of these 
results, Goldman concludes that educators and researcaers 
should seek the "most efficient" strategies for given 
tasks . 

The above questionnaire studies have shown that 
strategies, delimited in this relatively economical 
fashion, do relate to academic performance, and in 
many cases, overshadow traditional ability measures. 
These results are particularly encouraging in light 
of the fact that the construction of these question- 
naires has not generally been based on the strategy- 
oriented experimental psychology literature, nor has 
it led to complete coverage of potential strategy 
differences. The questionnaire to be created in 
conjunction with the present research project will 
hopefully be complete in both of the above regards. 
In addition, the present project will extend previous 
studies by using the questionnaire as a diagnostic 
tool upon which subsequent training programs can be 
based. 

Study skills training . Although many educators 
and researchers express the desirability of study 
skills training courses, very few evaluations of the 
effectiveness of such courses have been undertaken. 
Further, the content of evaluated courses is usually 
restricted to standard study techniques such as the 
SQ 3R Method (Robinson, 1946). 
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Briggs, Tosig, and Norlcy(1971) found that study 
skill training led to significantly higher grade point 
averages (than a no-treatment control group) on the 
part of a group of "high risk" college students. 
Brown, Webe, Zunser, and Haslam (1971) and Haslam and 
Brown (1968) found that Brown and Holtzman Survey of 
Study Habits and Attitudes scores increased as a 
function of participation in a study skills training 
program. ♦ 

Obviously further effort needs to be directed 
toward the development and assessment of study strategy 
training programs. In particular, these programs 
should be expanded to include effective strategies 
identified in the recent memory, comprehension, and 
problem solving literature. Further, the strategy 
training necessary should be diagnosed by responses 
to a strategy questionnaire end specifically tailored 
to an individual or group. As indicated earlier, the 
present research program will provide a first step in 
this direction. 

Learning Strategies : Specific 

The remainder of this review will deal with 
strategies and strategy-related findings appearing in 
the areas of comprehension, memory, and problem solving 
and creativity. Since much of the research in these 
areas is "basic," there will be intermittent suggestions 
as to directions for future development and application. 

Comprehens ion S trategies . 

This section will provide separate coverage of 
the effects of organizational strategies, questions, 
note-taking , and reading flexibility on comprehension 
and retention. 

Organizational strategies in comprehension . 
Generally, research in this area can be further sub- 
divided into that dealing with advanced organizers, 
passage organization, and post organizers. 
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Advanced oryanizers - Axisubol (1960) assunvos 
"...that cognitive structutro is hiorarchically organix&d 
in terns of highly inclusive concepts under which arc 
subsumed less inclusive subconcepts and informational 
data." If this is true then the learning of ntTN» moan- 
ingful material ought to be facilitated by insuring that 
the learner has inclusive concepts which will permit him 
to subsume the new information under these concepts. 
Experimental studies by Ausubel (1960) , Ausubel and 
Fitzgerald (1962), Ausubel and Youssef (1963, 1966), 
Scandura and Wells (1967), Proger, Taylor, Mann, Coulson, 
and Bayuks (1969) , and Allen (1970) have generally 
confirmed these notions. Further, Prase (1969) found 
that a paragraph providing a "conceptual structuring" 
of subsequent learning material improved later recall. 
Similarly, Merrill and Stolurow (1966) found that 
presenting Ss with a summary of an imaginary science 
prior to learning to solve problems in it did not taJ<e 
increased time but increased the number of correct 
responses during the learning session and on the test. 

These findings obviously support the desirability 
of including advanced organizing material in instruc- 
tional units. Further, it can be inferred that students' 
comprehension would be improved by instructing (training) 
them to strongly attend to materials which provide an 
overview of the forthcoming material (for example, 
outlines, previews, topic headings, etc.). 

Passage organization - Dansereau, Evans, Kright, 
Long, and ActJcinson (1973) have extensively reviewed 
the effect of organization (temporal sequencing of 
concepts) on comprehension, retention and utilization 
of meaningful verbal material. Although there is 
substantial equivocality, there are a number of 
organizational factors which do appear to have a sub- 
stantial impact on performance. Some of these factors 
have implications for student strategies as well as 
for the development of educational materials. The 
following principles of organization appear to be 
useful in both regards: 

(a) Material should be ordered from "easy" to 
"hard" CBoutwell, 1971; Moore and Goldiam.ond, 1964) . 
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(b) Related materials should be prosentod 
contiguously (Cofer, Bruce, and Reichor, 1966) » 

(c) Statements about all the attributes of tho 
same concept should bo grouped together as opposed to 
grouping all statements about the same attribute for 
each of tho concept names (Schultz and DiVcsta, 19 72). 

(d) Hierarchically related material should be 
presented from the top down (that is, highest level 
concepts first) (Newton and Hickey, 1965) and in a 
breadth first manner (that is, all information at one 
level should be presented contiguously) (Crothers, 1969). 

(e) Repetitions of material should not be grouped 
together, but interspersed with other material (Shaugh- 
nessy, Zimmerman, and Underv/ood, 1972). 

Since most educational m.aterial has not been 
optimally organized, it seems reasonable to train 
students to reorganize incoming information in accord 
with the above principles, and in accord with the 
students* own cognitive structure (that is, prior 
knowledge about the subject matter) . Teaching the 
student these types of strategies would not only lead 
to benefits from improved organization in memory, but 
also from the students' active manipulation of the 
incoming information. Active student participation 
of this sort has been considered to be critical in 
effective comprehension and retention (Rothkoof, 
1965, 1966). 

To date, there have been no serious attempts to 
train these types of organizational strategies. A 
situation which sorely needs to be remedied. 

Post organizers and reviews - Bauman and Glats 
(1969) obtained results suggesting that advance organizer 
type material may be more useful when presented after 
learning than before it. With regard to summary-like 
reviews. Gay (1971) and Ausubel and Youssef (1965) 
support the notion that reviews enhance comprehension 
and retention. Obviously students should be trained 
to formulate their own reviews in the form of outlines, 
summaries, etc., in addition to attending very strongly 
to summaries actually presented within the instructional 
material. 
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The effect of questions . A principle pxirpose of 
previous research on this topic was to determine vrhethor 
relatively specific questions, presented in conjunction 
with the instructional material, x-^culd facilitate 
criterion performance as compared to instruction without 
the questions. A second purpose was to determine the 
relative effects of placing the questions before the 
instructional material as compared with placing them 
after it. Bruning (1968) , Rothkopf (1966) , Rothkopf 
and Bisbicos (1967), and Frase (1968) have conducted 
studies on these issues. The results have been reviewed 
by Frase (1970) and recently criticized by Carver (1972) 
primarily on the grounds that such studies have not 
adequately controlled for learning time and strategy 
variables. 

The findings of these studies indicate that whether 
questions are inserted before or after the relevant 
material, they nevertheless facilitate criterion perfor- 
mance. There is a difference in the effect of placement, 
however. Questions inserted prior to the passage tend 
to favor the acquisition of materials specifically 
relevant to the questions. Material not relevant to 
the questions is not retained as well as it is when the 
questions are omitted. Thus, there would appear to be 
a trade-off effect produced by using questions in advance 
of the instructional package. 

Questions provided after the instructional passage 
have a more generally favorable effect, provided that a 
sequence of such passages and subsequent questions is 
presented. Under these circumstances, the presence cf 
the questions facilitates the acquisition both of 
material relevant to the questions and of material 
unrelated to the questions. 

These findings perhaps imply that students should 
be trained to formulate their own questions following 
the presentation of instructional material. Obviously, 
experimentation on this issue is needed. 
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t;.::Kl,}o. ivote-taVinvj roTOis the loarr^^r to 
we ac». viuc. ; X-ovidos the op; latunity, at loaiLvf- , 

th<- "s^^-nnKV to roorgani r.cj ard elaborate inoTiir.g 
.•.rit'omation . liowever, somtt ntuc^cnts contend that 

rv^:-- c^uriiifj' lecturo«? i.,-!nj. v»r,s t'\oir listening 
f.T..npreii»aic,ion becuus>2 of tht^ nocossity for shiltrng 
> AC.'- at»a ^rrt.h L.>?t\vt..'v?n listening and vriting, 

Rc:i«n. xth Ci. jiute-taking has boen eketchy cinci 
Inconclusive, k nurfaor of stuait-s have found little 
^•r no t/'cct du<? to note- taking activity. Pnuk 
(1963) found no differences on "immediate recall 
between subjects. v-*ho took notes and those who did 
not* Eisner and Hohde (1959) foimd no differences 
in performance the following day between subjects 
who took notes during a presentation and those v;ho 
took notes following the presentation. McClendon 
(1948) reports no significant differences in either 
immodiate or delayed recall betveen those students 
who took notes and those who did not. 

On the positive side, McHenry (1969) reports 
significant differences favoring note-takers on a 
multiple-choice test administered iimnediately following 
a study period. Peters and Harris (1970) also indicated 
that subjects permitted to take notes during a taped 
presentation or who were provided with prepared notes 
in topical outline form, performed significantly 
better on a subsequent multiple-choice tert than a 
no-note control group whether or not time was provided 
for review, DiVesta and Gray (1972) found that persons 
instructed to take notes performed significantly' better 
than non note- takers on both a recall task and an 8- item 
multiple choice test. Fisher and Harris (1973) found 
that a combination of taking notes and reviewing one's 
notes produced the most recall, while not taking notes 
and reviewing the lecture "mentally" produced the lenKt 
recall. • 

Before any firm implications for education can be 
derived from the note-taking research, studies which 
vary rates of presentation and assess individual 
differences are necessary. 
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IV. ciding t: lox ib i 1 i ty ■ rt se^-ms reason-ibvc f? 
instruct students to Vxxxy tnoir inethod of tv...v\-iHj 
according to the nature of the toxt and rbe^?: 
ourposes for reading it in order to improve tl^>c 
officicncy of their reading. A nun^ber oi stud C3 
have boen aimod at assessing tlis degree to v'r.ich 
students demonstrate this type of fleyibiliry in 
their reading. The dependent variable most cor>u:;only 
used as evidence for readxny iMexibility is chango 
in reading rate. The efficient reader is thou-jht to 
be one who vrill modify hi 3 r. wading rate according 
to the difficulty "of the material being read, the 
familiarity he has with the information being cr.-mina.- 
cated, his purpose in reading, ecc. Studies that 
have investigated the effects of these variaoir'.^. 
however, have found " surprisingly small cham/es in 
reading rate (for exaraole , Herculane, 1961? Hjii, 
1964; Letsor., 1958, 195Si Levin, 1968? Rankin, 1970- 
71; and Rankin and Hess, 1970). Althrugh most oi;^ 
the studies have found some change in rate re^rviltlncT 
from the manipulations of passage difficulty or of 
instructions to the readeirs, this change has usually 
been small. 

There are at least two possibilities for the lack 
of findings in this area. First, as Rankin {1970-71) 
has argued, flexibility may be sufficiently subtle as 
to not be reflected in gross reading rates. He 
suggests that changes in rates within a passage should 
be 'examined. Second, since we do not usually teach 
flexibility in our schools, there may be only a few 
very insightful and motivated individuals who actually 
train themselves to read flexibly. This might imply 
that our emphasis should be on manipulating a subject's 
flexibility rather than merely assessing it. 

In this regard, McConkie, Rayner, and Mayer (1^71) 
. and McConkie, Rayner, and Wilson (1973) varied monetary 
/ payoff conditions (the degree to which speed was 
important in maximizing payoff) and types of compre- 
hension questions. They found that increasing reading 
speed through payoff had little effect on the amount of 
information retained for which a person is specifically 
reading, but reduces the amount of incidental information 
he acquires. It is possible that this payoff approach 
could be used fruitfully in training students to be 
more flexible in their comprehension processes. 
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Momory Stratogios . 

Atkinson and Shiffrin (1968) have argued for thcs 
importari'^o of strategics in determining which informa- 
tion is entered into and retrioved from short and long 
term momory. Their term control process "refers to 
those processes that are not permanent features of 
memory, but are instead transient phenomena under the 
control of the subject; their appearance depends on 
such factors as instructional set, the experimental 
task, and the past history of the subject (p. 106)." 
The present purpose is to discuss specific examples 
of these control processes or memory strategies and 
in some cases, to extend them into the instructional 
domain. In this section we will consider the following 
topics: Encoding Processes, Organizational Strategics, 
Memory Management^ and Retrieval Strategies. 

Encoding processes . Upon receiving information an 
individual selects relevant portions of the information 
and attempts to transform these portions into maximally 
effective units for storage and subsequent utilization. 
These two processes, which may be conscious, unconscious, 
or both, are generally referred to as encoding processes. 
These processes have recently received a large amount 
of attention from memory researchers due to their 
presumed contributions to performance variance (see 
Melton and Martin, 1972). The two aspects of encoding: 
selection and transformation will be discussed separately. 

Selection of information for storage. As has 
been pointed out, the stimulus presented is not neces- 
sarily the stimulus which functionally directs a 
subject's behavior. The subject actively interprets, 
reduces, and elaborates the incoming information. 
Rather than exhaustively reviewing the literature on 
this topic, which spans practically all of psychology, 
we will present a single example of selectivity, that 
is, changes in processing emphasis on test anticipation, 

Jacoby (1973) , using categorized lists, found that 
subjects anticipating a cued recall test were able to 
free recall fewer categories but more instances of each 
recalled category than were subjects that anticipated 
a free recall test. The author interprets these results 
as evidence that subjects preparing for a cued test 
spent more time studying category instances and less 
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time studying category names. In of foot, differential 
selectivity took place depending on task instructions. 
Corinak (1972), using a short term memory task, and 
Butterfield, Belmont, and Petzman (1971), using a list 
learning task, also found performance differences due 
to differences in anticipated recall requirements. 

These findings support the notion that different 
portions of the incoming information are selected for 
processing based on task requirements. However, there 
has been no attention to individual differences in this 
selectivity. Studies delineating individual differences 
in this regard should be followed by attempts to train 
students to tailor their selection of portions of the 
incoming information to match present and future task 
requirements . 

Transformation and elaboration of selected infor- 
mation. Following selection of the incoming information 
the subject generally elaborates and recombines the 
information into an efficient internal code. We will 
treat automatic (unconscious) and conscious attempts 
at these processes separately. 

Hintzman (1970) and Hintzman and Block (1970) 
have shown that in list learning experiments subjects 
apparently retain surplus information without conscious 
intent. That is, they found that, even though not 
instructed to do so, Ss can accurately recall modality 
of presentation, position in the list of a particular 
item, the number of times a given word is presented, 
and the number of items that intervene between a given 
word and its repetition. This "surpa.us" information 
may in fact provide useful cues for list item recall. 
Further, evidence along this line is provided by two 
studies of individuals with outstanding memories 
(Curia, 1968; Hunt and Love, 1972). In both cases a 
substantial amount of the memory ability could be 
attributed to automatic "multiple encodings" of incoming 
information. These individuals upon hearing a word ^ to 
be remembered stated that they would "automatically" 
see a visual representation that word, and in some 
cases, even smell, taste and feel it. 



Although thus© automatic oncoding processes appear 
to have little relevance to education due to their 
apparent lack of trainability , there is some evidence 
to support the notion that well practiced conscious 
encoding processes do in fact become automatic. Bower 
(1970 a,b) and Kolers (1970) found that skilled readers 
of prose report themselves to be unaware of all encoding 
short of the meaning of the passage being read. Ob- 
viously, at some point in time during their development 
these readers must have been aware of both syntactic 
and semantic encoding processes. Apparently these 
processes have become so well practiced that they 
become automatic. Thus, intensive practice on some 
of the techniques to be discussed subsequently may in 
fact cause them to be used in an unconscious and 
perhaps parallel fashion. 

With regard to conscious transformation and ela- 
boration of incoming information, DeGroot (1965) 
studied the ability of the master chess player to 
reproduce a complex chess position after a 5 second 
exposure. One interesting finding was that the chess 
masters paused several seconds after being o .posed 
to the stimulus before starting to recall. Less 
skilled players began to reproduce the board immediately, 
before losing the little they could retain. The same 
observation was made more formally by Reicher and 
Haller (1971) who found that differences between 
abilities in sight reading music only emerge if 
there was a delay between input and recall. It has 
been hypothesized that during the time interval 
between input and recall, the higher ability indivi- 
dual is receding (transforming) the presented information 
into higher order meaningful units that are compatible 
with information he has previously stored. This hypothesis 
would be analogous to the process of transforming binary 
digits into an octal code in order to enhance short term 
memory (Miller, 1956). Further information on this 
process will be presented in subsequent paragraphs 
and in the section on Organizational Strategies. 
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Recent research has attewpted to assess and 
jranipulate these transformation and elaboration 
strategies that take place between input and recall. 
Mnemonic devices, in particular, have received a 
great deal of emphasis. In general mnemonic stra- 
tegies inv olve embellishing or elaborating the 
material to be learned into meaningful terms and 
then associating items to each other or a previously 
learned set of peg words or images. The following 
are some examples of mnemonic techniques: 

(a) Visualization - For example, in trying to 
associate a face to a name we may visualize a Mr. 
Carpenter as hammering that long spiked nose of his 
into a wall. 

(b) ' First letter - For example, in order to 
remember the ordering of tVa 12 cranial nerves many 
of us have learned the phrase "On old Olympus^ 
towering top, a fat-assed German vaults and hops." 
The first letter of each word is also the first 
letter of one of the major cranial nerves. 

(c) Peg word - for example, a person has previously 
learned a serial list such as "one is a bun, two is 

a shoe , three is a tree » . . , " as a new word comes in it 
is visually associated with the corresponding peg word. 

(d) Narative chaining - integration of each word 
to be learned sequentially into a story. 

(e) Method of loci - for example, mentally placing 
items in various distinct locations in your home . 

Many studies have shown that these techniques are 
dramatically more effective than rote rehearsal in 
learning serial lists and paired associates (Groninger, 
1971? Nelson and Archer, 1972; Bower and Reitman, 1972; 
Santa, Ruskin, and Yio, 1973; Clark and Bower, 1969; 
Earhard, 1967, a; Wood, 1967). Clearly, as Bower (1973) 
concludes, "Our schools should teach memory skills, 
just as they teach the skills of reading and writing 
(p. 70)." 



One concept that underlies nany of the RinDmonic 
techniques is that of visual imagery. The importance 
of imagery in learning serial lists, paired associates, 
sentences, and prose passages has been discussed at 
length by Paivio (1969, 1971). 

Extending Paivio 's analysis, we find that the 
research on imagery and cerebral hemispheric speciali- 
zation has provided substantial evidence for the 
following hypotheses: 

Encouraging subjects to create mental pictures 
of verbally presented material greatly enhancv"^s 
retention of that material (Bower, 1970a? Paivio, 
1969; Koser and Natkin, 1972). 

Some types of material are more amenable to 
imagery than others. In particular, retention of 
abstract material is not strongly enhanced by 
imagery instructions (Paivio, 1969). 

A relatively slow rate of presentation is 
generally necessary for the formation of images 
(Weber and Castleman, 1970). 

There are individual differences in the ability 
to form mental images (Di Vesta and Ross, 1971; 
Ernst and Paivio, 1971; Paivio and Ernst, 1971). 
Presumably this ability can be enhanced through 
training (Brinkman , 1968). 

Visual imagery involves a memory system 
(perhaps localized in the right cerebral hemis- 
phere) that is separate from that involved in storing 
strictly verbal material (localized in the left 
cerebral hemisphere) (Paivio, 1971; Seamon and 
Gazzaniga, 1973). 

The imagery and verbal memory systems serve to 
supplement one another (Paivio, 1971) . 
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Prosonting visual information actually inhibits 
the formation of visual images (Brooks, 1968) . 
Apparently visual imagery involves the visual por- 
caption system and is thus cUsruptod by incoming 
visual information. 

Generally our educational techniques have not 
capitali!?ed on the above findings. f7e usually require 
students to rapidly process abstract verbal material 
x^ith no instructions^ to form iinagos. Even when we 
do present concrete inform.ation v;e generally present 
it visually via slides, films, etc. 

It seems that the effectiveness of the instruc- 
tional experience could be vastly im.proved by 
presenting at least some courje material in the form 
of slowly presented, vivid, concrete, verbal descrip- 
tions. These descriptions should be presented 
auditorialy to students who are instructed to close 
their eyes" and vividly picture the information 
described. Information thus presented would be 
suppleiur^ntcd by material arriving through normal 
instructional channels (reading, lecture, etc.). 

This approach has the following potential 
advantages : 

(a) Material presented in an imagery evoking 
fashion should be more efficiently retained. 

(b) This imaged material will form memory 
"landmarks" that may aid in the storage and retrieval 
of normally presented information. 

(c) Experience with imagery evoking material 
may improve a student's imagery capabilities. 

(d) The easy, relaxed atmosphere associated 
with the im.agery evoking presentation may be an 
enjoyable change of pace for the students. 

In addition to doing research and development 
on the im.agery evoking presGntatioh approach, it 
also appears roason.nble to develop an effective 
im.acjery training program/ per se. 



O igani ^at ional st rahc^ ^^lo^ v^^^^^^o^'^* TV\:\. topi 
area Is intlinatuiy^ cblaLcd tcr^^GfrcoO/ina / but h usiici 
been treated sonev/hat sepa>atoly in the research 
literature^ In p<.ir ciculfir ^ organi^.ation impl.o^:^ the 
grouping and rciatimg of i;;ccrung ru^tc^rial. cjuimulu 
materials can be groupi^^d (classified^ categorlKod) 
together on the basi^j of cou^mon properties » avi sue}*, 
classes can bo related ho o^ie another in inuL ;iple 

Organizational strategies have been ooscirved an 
stuaied with stimulus mater xais varying from -^.orial 
.lists of unrelated synibols co categorized xi:^ts to 
hj^crarcnicaliy related material. With simpVo serial 
lists r a fundaiTien cal strategy is to segment hr^:^ list 
into several sniciiier chunks or groups. A ninxibcvr of 
studies have shown that groups of 3 or 4 sya\i:>;vis are 
preferr::^d and that retention is improved when lists 
are segnvented in this fashion (Kickelgren^ 1964 ? 
Sever in and Rigby^ 1963; McLean and Gregg, 19 o?). 

In free recall of word lists subjects tend to 
group or categorize list words into semantic units 
or clusters (Bousfield, Puffy and Cowan, 1964). 
Further, Tulving (1962) has developed a measure of 
Subjective Organization (SO) which re fleets the 
consistency with which items are recalled in the 
same sequence from one free recall trial to the 
next. There is sufficient evidence now that SO 
and free recall performance are functionally 
related (for example, Mayhew, 1967). In addition, 
a series of experiments by Earhard have shown that 
Ss who are classified as high subjective organizers 
according to th^air free recall behavior patterns 
perform better than do Ss who are classified as 
low subjective organizers, under a variety of 
other task conditions, specifically, serial recall 
(Earhard, 1967 a,b) , and paired associate learning 
{Earhard and Endicott, 1969). These findings were 
interpreted as giving strong support to the notion 
that the advantage of the high subjective organizer 
during memorization is his superior ability to form 
and retain inter-item associations. 
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With rotjard to hierarchically oryviniv.od inAuor' -. . 
Bover, Clark, V/inzonz, and I.osgo.ld (1969) p-^-QnontG^'i 
matorial oxplicitly in a hierarchical format oc 
randomsly. Ss having tho orgc'jni^Gd matcsrial recallati 
about three tines as mny words as subjects in t-ho 
randon condition. Bower (1970b) has stated that "The 
advantage of a simple grouping strategy is that the 
operation can be applied recursivoly, aggregating 
together chunks and then groups of chunks into an 
organized hierarchy. For adults, a hierarchy is an 
extremely familiar and efficient organizational 
Scaffold, encountered throughout life (in books, 
library files, etc.) and in science (atonic structure, 
pyhlogenetic trees, sociopolitical structures, etc.) 
fe. 42) 

Clearly training students to group together 
semantically similar material and to form these 
groups into hierarchies, xvhen possible, would con- 
stitute an effective means of promoting retention. 
Perhaps some of the stimuli used in the above 
cited experiments would form a basis for the devel- 
opment of training materials. 

Memory man age m> t. In an instructional setting 
a student must decide what m.aterial should be stored 
in memory, whe;\ it should be stored, and how much 
effort should be applied to the storing process. In 
addition, some educationally relevant tasks are more 
efficiently accomplished if material is forgotten 
after it has become obsolete. Thus, the subject does 
not want to "over-store" som.e material, and in fact, 
he may even want to consciously forget other material. 
This loose collection of processes, which will be 
termed memory m.anagem.ent , has not received the 
empirical attention that it perhaps deserves. There 
appears to be dramatic individual differences in 
people's ability to manage their memories, and 
further, this ability appears to be trainable. 
For oxample, Dansereau (1969) gave a large nun^ber 
of subjects a variety of irental multiplication 
problems (varying from two digit by two digit problems 
to fcnr digit by two digit problems) . Some subjects 
(about 30%) v^rould spend virtually no time storing the 
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axidltorily pcosentcKl problem diyitK prior to 
beginning thoir calculations, consgqucntly after 
the first multiplication or so^thoy hc\d to again 
request tho problem digits. These same fjubjcctn 
would also fail to rehearse tho first intorinotliate 
product and would subsequontly not be able to 
recall it for the addition phase. Arithmotic 
ability aside, some of these subjects (college 
students) had no idea about their short terra r.omory 
capacity or about the amount of storage processing 
required to maintain the material. Prolonged 
exposure to the mental multiplication task situation 
led to considerable improvement in this regard on 
the part of most subjects. 

In a short term mem.ory task subjects must 
decide whether to actively try to store the 
information upon input or to wait passively until 
a relatively large amount of information has been 
presented (using his short term buffers) and then 
deal with that information actively. Aaronson 
(1968) found that with a fast presentation rate 
(3 digits per sec.) tended to listen to a 
number of digits passively before actively trying 
to manipulate them. VThile with a slow presentation 
rate (1.5 digits/sec.) Ss reported that they tried 
to actively process each''digit as it was presented. 
Hockey (1973) went one step further, he trained 
Ss to use either an active (rehearsing and grouping 
by threes) or passive reception (avoiding all 
storage activity) strategy. He found that the 
active storage is best at one digit per second 
and deteriorates monotonically with increases in 
rate, while the passive strategy shows the oppo- 
site trend improving from one to three digits per 
second, 

Butterfield and Beljnont (1971) attempted to 
relate storage strategies to retrieval in memory 
for lists of eight consonants. They found that 
active rehearsal leads to slow retrieval which varies 
directly with ordinal position and number of items 
learned. On the other hand, passive attention leads 
to rapid retrieval which varies with the number of 
items learned but not with ordinal position. Since 
this was a self paced task, active rehearsal led to 
better overall performance. 
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These findings are relevant to providing tr?»ining 
in memory management, especially for individuals involved 
in tasks roquiring high ratos of inforir. tion input 
(for example, pilots and air traffic controllers, ) . 

A subject must also determine how many items to 
try to store on each presentation of a multi-trial 
experiment. .Gregg and Simon (1967) showed that 
subjects who tried to store one or two ncnsense syllable 
pairs (eight pairs presented at a rate of two seconds 
per pair) per trial (a complete presentation of 
eight pairs) performed substantially better on a 
recall test than did those subjects who tried to 
attend to all pairs on each trial. 

If the task is self paced a subject must decide 
how much time to spend on each item. Belmont and 
Butterfield (1971), using serial lists of letters, 
showed that when given freedom to proceed as they 
wished, normally inhelligent Ss increased their pauses 
the further they went into the list. Retarded Ss 
maintained relatively constant pause times. Normals 
-etained material at the beginning of the list 
substantially better than retardeds, with no differ- 
ences between groups at the end of the list. Long 
(1974) , working on the present research project, 
extended this research to "good" and "poor" readers. 
Although both groups spent the same percentage of 
time on each item in a self paced task, the "good" 
readers spent significantly more total time on the 
list. These results will be presented formally in 
a future project report. 

Further work on the memory management processes 
tapped by the above studies is obviously required. 
To date, the results are too sparse to draw any 
specific implications for instructional environments. 

As stated earlier and as stated by Reitman, 
Malin, Bjork, and Higman (1973): "The processes 
by which information needed is eliminated or set 
anide are as fundamental to the efficient function- 
ing of a*i information processing system as are the 
processes by which information is acquired. Any 
limited capacity system without the means to select 
and eliminate is doomed to an unfortunate and 
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incoherent end? without soroo wochanism to provont 
old information from interfering with the nrocessincj 
of current information, the syatoi^''? output will 
eventually bear no sensible relation to its input 
(p. 140)." 

Recent research on directed forgetting has been 
aimed at this issue of information elirination {see 
Bjork, 1972? Epstein, 1972 for reviews of this work). 
In these studies subjects are given cues which indicate 
that they can forget sone or all of the information 
that has been presented. These cues can apparently be 
Used by subjects in a way that completely elimina- 5s 
the proactive interference that information presented 
Subsequent to the "forget" cues would normally surfer 
from the preceding to-be forgotten information. 

Since this is new research, no systematic 
exploration of individual differences and training 
effects have been reported. Such work needs to 
be done and pending reasonable outcomes , should 
be incorporated into a memory management training 
program. Generally, in developing such programs, 
emphasis should be placed on cognitive awareness, 
that is, providing situations that allow the student 
to become aware of his own processing capabilities, 
memory capacities, rates of forgetting, and so on. 
One way of doing this would be to expose a student 
to a smorga;5board of scaled-down laboratory tasks 
and to provide ample feedback on his performances. 

Retrieval strategies . Even though research on 
retrieval has been extremely sparse, it is worth 
mentioning briefly. Studies demonstrating "tip of 
the tongue" behavior (Brown and McNeil, 1966) and 
"feeling of knowing" (Hart, 1965) show that a 
stored item is frequently available, but at least 
temporarily, not accessible. When an individual 
encounters such a situation he may give up, randomly 
search, or attempt to execute a systematic retrieval 
strategy. Lindsay and Norman (1972) give an example 
of this latter approach in response to the query: 
"VJhat Were you doing on Monday afternoon in the third 
week of September two years ago?" After a bit of 
coaxing by the experimenter, Lindsay and Norman's 
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imaginary subject gradually homos in on the 
answer by breaking the query down into a rational 
soquenco of subquostions that provo answerable 
by various mixtures of actual memories and logical 
rGGonstructions of what must have been ("Third 
week in September - that's just after summer * 
that would be the fall term. » I think 1 had chemistry 
lab on Mondays...! remember he started off with 
the atomic table...", etc.). 

The above approach to retrieval is very 
similar to some of the heuristic techniques studied 
in the context of human problem solving ( in parti- 
cular "means - ends" analysis). These techniques, 
whic:\ will be discussed in the next section, perhaps 
should be taught to people faced with the prospects 
of retrieving available but unaccessible stored 
information ( a common situation at final examina- 
tion time ) . 

Problem Solving and Creativity . 

Skinner (1966) has defined a problem as a 
question for which there is at the moment no 
answer. This simple definition can be elaborated 
by categorizing problems into two major types: 
closed system problems and open system problems. 
Bartlett (1958) has suggested that closed system 
problems are formed in such a way that all the 
elements for solution art- available, and what 
the problem solver has to do is fill in the 
appropriate element* In essence, closed system 
problems are characterized by the existence of 
an identifiable solution; further, progress 
towards this solution is usually also identifiable. 
Examples of closed system problems would include: 
anagrams, chess, logic and math problems, concept 
formation, equipment repair (trouble-shooting), 
navigational problems, etc. 



In open-systdm probloms, the problem solver 
roust go beyond the units imocUatoly given in ordor 
to "close the gap." ^Jsithor the solutions nor 
progress toward solutions are easily identifiable 
with these types of problems. Examples of open 
system problems , which are usually studied under 
the rubric of "creativity" would include: determin 
ing unusual uses for common objects , creating 
cartoon captions and movie titles , inventing a 
new device or product, writing a term paper, etc. 

Both of these types of problems are faced 
by students in class and on the job. Strategies 
related to both types will be discussed in this 
section. 

C losed system, problem solving . In this 
sub-section we will discuss an overview of 
close" system problem solving processes, factors 
influencing these processes, specific strategies, 
and training. 

An overview of closed system problem solving 
processes - The first task for the problen solver 
is to accurately perceive the nature of the 
problem and to translate this problem into an 
internal problem space. This problem space 
consists of a set of states of knowledge <for 
example, potential board positions in chess) 
to which the problem solver may attain. The 
problem solver's search for a solution is then 
an odyssey through the problem space, from one 
kr*owledge state to another. This internal 
space is created by appropriately interpreting 
the task constraints, rules of the game, etc. 
and combining this interpretation with prior 
experience in solving identical or similar 
problems. This process of understanding and 
interpreting the problem is probably the most 
crucial step to solution. 



50 



BEST CO^i AVAILABLE 



Following creation of the problem spti-^e , bhe 
solver must recall and/or construct appropriate 
strategies for operating on this space. Specifi- 
cally, he must arrive at vmys of evaluating the 
appropriateness of knowledge states and ways of 
transforming one state into another (in chess 
these transformation methods would be the set of 
legal moves, in other problems such methods are 
not a priori defined) . 

Once a nuiriber of strategies have been generated 
the individual must select one or more for implemen- 
tation. During and following this implementation the 
problem solver must periodically evaluate his progress 
and make changes in the problem spaces and associated 
strategies depending on these evaluations (ability to 
alter spaces and strategies would be analogous to the 
previously discussed concept of reading flexibility) . 

Factors influencing the problem solving 
proGGss - Certain aspects of how a problem is 
worded affect its solution profoundly (primarily 
the translation into an internal problem space) . 
Woodworth and Sells (1935) and Sells (1936) used 
syllogisms to show that the characteristic tone 
set by the syllogism such as the use of the v7ord 
"all" in both of the following statements often 
leads to an incorrect conclusion. 

All A is B 

All C is *i 

Therefore'; all A is C 

The above investigators found that this "atmos- 
Tjhere" effect could be alleviated by stating 
syllogisms mors concretely: 

All members of i:he weight lifting team (A) 
are students (B) , 

All sorority sisters (C) are students (B) , 
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Therefore , all mombcrs of thn v.'t>itjht-".i rin r 
team (A) aro sorority sistors (C) » 

Along a slightly dlfforent line, the original 
form of an anagram can also strongly influ.^noo the. 
difficulty of solution. More spocif ically , lKo 
closer a sequence of letters approximates Cngiish 
the longer it takes an individual to reconiJjino 
letters into the target word. For example, it 
typically takes a subject longer to arrive aii the 
target word "ocean" when the original sequence is 
"canoe" than it takes when the original sequr^nco 
is "eanoc" (Beilin and Horn, 1962.' Ekstrand anri 
Domincwski, 1968 have done work along this ,1'ne). 

Paige and Simon (1966) have demonstrated 
through protocol analysis, what most of us know 
subjectively, that the main source of difficulty 
in solving ninth-grade algebra word problems is 
the translation of the v/ords into a manipulable 
equation. 

Certainly we shov be .training students to 
attend very carefully to the translation process. 
Further, some of the notions presented in the 
prior discussion on comprehension could in fact 
be applied to this process. 

A second factor influencing problem solving 
is the past history of the problem solver. The 
effect of set or expectancy carried over from 
solutions to similar problems has been a well 
studied phenomenon. For example, if we present 
the following sequence of anagrams to be solved: 
LECAM, NELIN, and NEDOZ , and then present PACHE, 
a subject will be more likely to transform PACHE 
into CHEAP rather than into PEACH ( a tranform 
requiring fewer manipulations). Simvilarly, 
Luchins (1942) has shown that giving subjects a 
series of "water jar" problems with the same 
solution will lead about 55% of the subjects to 
employ that solution on subsequent problems that 
can be solved in a much simpler fashion. 
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Dunckvir {jSj^v-^}, .-.nrang others, has shown that 
suhj^^cts' P'-.rc;:p < of certain objects bocona so 
fiy.t^d they are una* ;e to \ise the objects in novel 
Vtiy*'" during probl'-?: solution. 

rhi-cie problt.r,i;'; of "set" are analogous to 
thoio ir.v..:. r.igute.l undx^r the rubric of re a ling 
flexibility. Periiaps training to enhance flexi- 
bility rn one c3omrin Kill enhance it in the other. 

Specific closed system problem solving stra- 
t.-^gies - In the context of traditional concept 
forinntion studies in Vvrhich a subject is asked to 
discover an experimenter defined concept such as 
''one red circle," Bruner, Goodnow, and Austin 
(1956) have identified two basic strategies that 
J^-ay have some generality beyond this artificial 
U^ok situation. The two strategies, scanning 
(part; .t strategy) and focusing (wholist strategy), 
are used by subjects in both "selection" (subject 
determines the sequence of examples to be 
examined) and "reception" (experim>enter determines 
the sequence) paradigms. In the scanning (partist) 
strategy the subject selects a portion of a 
positive instance to entertain as his hypothesis 
and concentrates his efforts on proving this 
hypothesis correct. Because the subject needs 
to scan and remember only the part of each 
instance that is relevant to his hypothesis, this 
approach is frequently employed by students. It 
does, however, have the disadvantage that the 
subject concentrates only on part of what he 
sees and is not likely to learn much while he is 
following a hypothesis that later proves to be 
wrona . 

In the focusing strategy (wholist) the subject 
selects a positive instance, retains all aspects of 
it, and attempts to determine which attributes are 
irrelevant by comparing his retained positive 
instances to other positive instances. The differ- 
ences between these two strategies may be clearer 
in the context of a literature review task. One 
could go through the recent issues of a likely 
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journal and scan oach articlG briefly (part is t) . 
Or one could, as soon as he cama across a useful 
article, focus on it and then choose other articles 
in the light of the inforination obtained from this 
first positive instance (v;holist) . 

Bourne (1963) and others have found the focusing 
or wholistic strategy to be more efficient in concept 
formation studies, but it is not always the most 
frequently used. Attempts at teaching college 
students this strategy in order to improve their 
concept formation performance have been successful 
(Klausmeier and Meinke, 19 6 8). Perhaps such training 
would also lead to better performance in more real 
world tasks such as literature search and "trouble 
shooting. " 

Polya (1957) has developed a series of techniques 
or strategies which are applicable to problem solving 
in general. These techniques, called "heuristics," 
are "rules of thumb" for decreasing the extent of an 
individual's search through his internal probleiia 
space. Two of Polya's heuristics, means-ends analysis 
and planning, have been incorporated into a computer 
simulated model of human problem solving. The General 
Problem Solver (GPS) , as it is called, appears to 
emulate quite accurately human behavior on problems 
in logic (Newell, Simon and Shaw, 1958). It has also 
been expanded by Ernst and Hewell (1969) to solve a 
variety of other closed system problems. 

GPS using means-ends analysis, begins to solve 
a problem by detecting a difference between the 
location of a desired goal state (that is, ths answer) 
and the present location of the siibject .with respect 
to that goal. If the a is no discrepancy, there is 
no problem. If, however, a discrepancy does exist, 
the exact nature of this discrepancy has to be 
determined and a suitable plan formulated to remove 
the discrepancy. If this plan can not be formulated 
directly, GPS must first formulate some subgoal that 
can in fact be met. Thus any problem is first 
analyzed to discover whether a discrepancy exists 
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between "where an organism is now" and "where he 
woxtld like to be/" This analysis gives rise to a 
series of subgoals^ each one of x^hich iray require 
fornulatxon into further less difficult subgoals* 
This hierarchy of subgoals is then attacked in 
order of dif f iculty^boginning with the most diffi- 
cult and proceeding through to the least difficult. 
Once all subproblems have been solvod^ the solution 
of the original and major problem can take place* 

In order to make this heuristic a bit more 
concrete/ consider the following example presented 
by Newell/ Simon and Shaw (1960): want to take 

my son to nursery school* X^Jhat's the difference 
between what I have and what I want? One of distance 
t^hat changes distance? My automobile. My automobile 
won'^t work. What*s needed to make it work? A new 
battery. Miat has new batteries? An auto repair 
shop* I want the repair shop to put in a new battery 
but the shop doesn^t know I need one. VThat's the 
difficulty? nne of communication. What allows 
communication? A telephone. . .and so on." 

In GPS an overall grasp of the problem is 
provided by the "planning" heuristic which consists 
primarily of changing an originally complex problem 
into simpler ones. This simplification is carried 
out by first abstracting the specific problem to 
more general terms t and then by simplifying the 
overall structure of the problem so that it can be 
subjected to a moro direct means-ends analysis. 
Since the abstracting process serves to simplify 
the problem/ this increases the likelihood that 
any proposed means-end solution will be successful* 
Solution stops generated at this level can then 
serve as plans or prototypes for steps to be taken 
with regard to the original y complex formulation 
of the problem* 



Training - Excapt for a few efforts in tl-r 
concept formation domain, there have been virtually 
no systemtic attonpts at training ganeral closed 
system problem solving techniques. Most problem 
solving training progrars/ some of which will be 
reviewed in a subsequent section, have concentrated 
on training for creativity {open syston problem 
solving). This situation should bo ronedied. A 
good starting place for such programs v;ould be to 
teach Polya's strategies and measure subsequent 
changes in problem solving performance. 

Open system problem solving . The following 
topics will' be discussed separately: overviev; of 
open system problem solving processes, factors 
influencing these processes, and previous atttmpts 
at training. 

An overview of open system problem solving 
processes - Generally, researchers have considered 
four stages of creativity (open system, problem 
solving): preparation, incubation , insight, and 
verification. The preparation stage is typically 
restricted to a subject* s attempt at understanding 
the problem through recall of his previous exper- 
ience with similar problems, etc. (that is, the 
translation of the problem into an internal problem 
space). For our purposes this stage will be c:^panded 
to include the conscious production of potential 
solutions through operating on the problem space and 
preliminary judgments of the adequacy of produced 
solutions. In many cases, the steps contained 
within this preparation stage, which are analogous 
to those involved in closed system problem solving, 
are sufficient for production of an adequate 
solution. However, for various reasons, solutions 
generated at preparation stage may not be sufficient 
and in some cases the remaining three steps may 
occur . 

The incubation stage may consist of the uncon- 
scious production and judgment of solutions. 
Subjective reports of creative individuals (for 
example, Ghiselin, 1952; Koestler, 1964) indicate 
that this incubation period may be facilitated by 
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alterations in consciousness (sloop, reverie, drug 
intlucod states, etc)* In fact. Green, Green, and 
Walters (1973) have dravm a series of inferences 
to support the notion that alteration of consciousness 
by brain^wave training (biofeed^back) may potentially 
enhance creativity » They note that many creative 
people report effective incubation and subsequent 
insight in states where visual imagery is enhanced 
(in addition, responses to a visual imagery question- 
naire correlate .21 v/ith responses to a creativity 
questionnaire, Schmeidler, 1965) • Further, Green, 
Green, and Walters have shown that subjects trained 
to produce theta brain waves report concomitant 
increases in visual imagery. They thus conclude 
that such brain wave training would enhance creativity 
via enhanced visual imagery, and have embarked on a 
research program to assess this hypothesis. Perhaps 
direct attempts at training imagery ability, as well 
as other imagery enhancement techniques such as 
mediation training, could be usefully employed in 
this regard. 

At some point during the incubation period the 
open system problem solver may experience insight" 
or ^•illumination." An unconsciously produced solution 
has apparently passed som.e criterion of judged 
acceptability. Following insight, the problem solver 
will usually make some attempt to consciously verify 
or judge the new found solution. Depending on the 
outcome of this verification the problem may be 
solved or the problem solving process may be again 
initiated* 

In general, open system problem solving is 
marked by production and judgment processes occurring 
at both conscious and unconscious levels. In the 
next sub-^section we will briefly describe factors 
influencing these processes followed by the prosen-- 
tation of training methods designed to enhance these 
processes . 



Factors influencing opon-riyvStem probloir^ r>olving - 
All of tho factors influGncing cloisotl-systain problom 
solving v;o\ild also have an impact on the solvition of 
open systcjn problorcs. In addition, previous" rcsoarchcrs 
in this area have placccl strong oj^phnsis on tho charac- 
teristics of th« individual open systen problcii solver. 
To date, cloar delineation of the characterintics ol 
creative individuals has boon hampered by methodological 
difficulties, primarily tho lack of an adequate measure 
of creativity. Although prcsGntation of this research 
in this area and its concomitant problems is beyond tho 
scope of this reviev^, we will briefly present a "thumb- 
nail" sketch of a creative person as synthesized from 
Delias and Gaier (1970) and Johnson (1972). 

Very generally, the creative person, as measured 
by peer and teacher ratings , has an IQ of 120 or 
above, preferes to look at complex, asymmetrical 
patterns rather than simple, symmetrical ones, maxi- 
mally scans his environment (that is, widely deploys 
his attention and attempts to go beyond the perceptual 
information given) , and has the ability to switch 
>ack and forth from child-like to adult-like thinking 
(as measured by responses to Rorschach stimuli) . In 
addition, the creative is generally introverted, 
intuitive, self-accepting (non-defensive), risky, and 
impulsive. As stated earlier, the research upon which 
these creative chaiactcristics are based is very 
unsatisfactory, thus the above sketch is little more 
than a set of weak hypotheses. It would be interesting 
to determine what effects on creativity would arise 
from a concentrated attempt to manipulate some of 
these characteristics in supposedly i*on-creative 
individuals. 

Previous attempts at training open system problem 
solving - Certainly the greatest effort toward strategy 
training has been leveled at the creative process. Two 
studies are relevant to the training of students to 
prepare (problem translation primarily) for open system 
problem solving. Hyman (1961) asked engineers to study 
attempts already made to design a system for recognizing 
boxes in an automatic warehouse. One group studied 
these previous attempts critically, in order to make up 
a list of faults? another group studied them construc- 
tively, in order to make a' list of useful features. 
Later, when all subjects were asked to propose their 
own solutions to this problem, those who had studied 
constructively produced better solutions. 
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A parallel study by Torrance (1964) reached 
similar conclusions. ^ He asked psychology students 
to read two articles in psychological journals , 
either critically or imaginatively, before the 
middle of the term. Then they had to develop nn 
original idea, theory, or hypothesis and turn it 
in on the last day of the term. Again, the 
products of those who had read imaginatively 
received superior ratings for originality. Although 
these studies have some obvious flaws, they do 
contain potentially suggestive implications for 
education, and probably deserve careful replication 
and extension, 

A number of attempts have been made to improve 
the quantity and quality of solutions produced in^ 
response to an open-ended problem. Most courses in 
brainstormng (for example, Osborn, 1953) attempt 
to increase quality and quantity by instructing 
participants to postpone criticism. Generally, it 
is assumed that criticism and harsh evaluation will 
interfere with flexible idea production. Laboratory 
studies directed toward this issue have usually led 
to the conclusion that relaxed conditions and instruc- 
tions not to evaluate produce more ideas and ideas 
that have a higher mean quality rating (as judged 
by "experts") than those produced under more restric- 
tive and evaluative conditions (Johnson, Parrott, 
and Stratton, 1968; Meadow, Parnes , and Reese, 1959; 
Dentler and Hackler, 1964? Gerlach, Schultz, Baker, 
and Mazer, 1964). However, at least some researchers 
have concluded that instructions to "produce more 
ideas and withhold judgment" lead to a greater number 
of ideas, but an overall mean decrease in quality 
(Weisskopf - Joelson and Eliseo, 1961). It is 
probably the case that these different results are 
due to differences between the subject populations. 

Researchers attempting to evaluate the effect 
associated with the training of specific idea- 
producing techniques have focused on Allen* s (1962) 
morphological synthesis approach. This technique 
requires analysis of the dimensions of the problem 
followed by a new synthesis. Ideas for improving 
one feature of the product are listed along one axis 
of a two-dimensional diagram and ideas for another 
feature are listed on another axis so that novel 
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co'T.blnations appv"»vir at tho intersectiuiiS* jt. ,;'ori;-,;r.1r») 
to two other idoa-^eneratxng t<?chnig\^•v^ , Warron .mc; 
Davis (1969) founi^ incrGased productivity and moro 
superior solutions K.lth tho irorpho logical .syntlit^sis 
technique. Furthermore, this technique has l>->i:*n 
included in a large-scale training progrnm fo:. adoaas- 
centi with cipparontly favorable rosults (LmVv1.';>, 
Houtman, Warren, and Roxveton, 1969). 

Perhaps the most extensive attempt to include 
production training in an educational cett^'r.g has 
been made by Crutchfield (19 66). He has developed a 
programmed text for fifth and sixth graders which 
encourages the children to think about the complex 
materials presented and directs the reinforcement 
toward the production of original and relevant ideas. 
In particular the program is designed to instruct 
the reader in; the formulation of the problem, the 
asking of relevant questions, the laying out of a 
plan of attack, the generation of many ideas, the 
search for uncoitTmon ideas, the transformation of the 
problem in new ways, the evaluation of hypotheses, 
and the openness to metaphorical and analogical hints 
leading to solutions. 

A number of evaluation studies using open-ended 
problems (Crutchfield, 1966; 01 ton and Crutchfield, 
1969) have found that students trained on the above 
method ask more questions, generate more ideas, and 
get higher ratings for creative quality than a matched 
control group. Naturally "placebo" effects cannot be 
ruled out in these studies? comparisons with other 
training methods are necessary. 

After a number of ideas have been produced, the 
open-ended problem solver must judge the solutions in 
order to provide a basis for selection. A few studies 
have emphasized this judgment process. These studies 
have provided "criteria-cued" instructions which 
spelled out the criteria to be used in evaluating the 
subject's productions, and in some cases trained 
subjects on the use of these criteria. Generally, the 
"criteria-cued'* instructions result in reduced produc- 
tivity compared to nonevaluative instructions, but 
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cilso produced a highor average quality and a higher 
norcontage of superior solutions (for Gxample , 
Johnson, Parrot and Stratton, 1068; ^teisskopf-Joolson 
and Elisoo, 1061? Gorlaoh, Schultz, Baker and Mazor, 
1964) . 

Stratton and Brown (1972) trained subjects on 
both moi*phological synthesis {production) and judgment 
criteria. Using responses to a request for titles 
based on a variety of movie plots, they found that 
the combined training produced solutions of highor 
mean quality than those with only production training 
and a larger number of solutions than those with only 
judgment training. This combined training approach 
offers some promise and should undergo further explora 
tion. 

C one 1 us ions and New Directions 



As emphasized in the introduction, educators and 
researchers in education have devoted the bulk of their 
efforts toward the development of improved methods of 
teaching , and have consequently given very little 
attention to the identification and development of 
effective learning strategies. This relatively exclu- 
sive focus on teaching is extremely unfortunate in 
light of the apparent ineffectiveness" and inappro- 
priateness of many teaching manipulations, and in 
light of a growing body cf research indicating the 
importance of strategies in accounting for performance 
in educational tasks. The purpose of this review and 
synthesis was to delineate our present state of 
knowledge with regard to learning strategies and to 
point out possible future directions for research in 
this area. 

In general, the research on learning strategies., 
especially in the applied areas, has been extremely 
lacking. In the majority of studies reviewed, the 
exploration of strategies has almost always taken a 
secondary role. Consequently, any systematic attempt 
at exploring strategies in future experiments would 
importantly contribute to the educational literature. 
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A nunbor of general suggestions for future work 
in this area havo beon gleaned from studies included 
in this review. 

Tests associated with Guilford Vs Structure of 
Xnl-x-^llect model could be used to diagnosis deficits 
in the skills required for appropriate selection tvnd 
iuplementation of learning strategies. Specific 
training methods could then be developed to cope with 
particular deficits. It should be noted, however, 
that in addition to skills^ training students should 
be given experience in putting their skills together 
in the overall strategy utilization process. 

Experiments on educational set have shown that 
students that prefer to learn conceptual structures 
rather than isolated facts are generally more successful 
in educational tasks. Training students to be more 
conceptually oriented in their learning could obviously 
improve the effectiveness of their educational exper- 
iences. 

One personality variable that has proven to have 
a strong relationship with academic achievement is 
Rotter's concept of internal versus external locus of 
control. Students who feel their actions primarily 
determine subsequent outcomes (internals) generally 
perform better in an instructional situation. It 
would be necessary to determine if individuals can 
be trained to adopt a more "internal-like" view of 
the world. It is likely that such a view is depen- 
dent on being able to successfully manipulate the 
environment; if so, providing individuals with more 
effective learning strategies may in turn shift their 
subjective locus of control. 

Many cognitive style variables are also related 
to academic-like performance. Suggestions for future 
research on styles are exactly analogous to those 
discussed in the previous paragraph. 
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Reception preferences, motivation, prior know- 
ledge, and sex in conjunction with tVie above mantioned 
individual difference variables probably stronqly 
influence the utilisation of specific learning 
strategies. Therefore, training programs should be 
tailored to match the characteristics of the individual 
student* 

With regard to the assessment of specific 
strategies, the study strategy questionnaire approach 
has proved to be efficient and economical although 
probably not terribly precise. Further work is 
needed using a more empirically based questionnaire 
as a diagnostic device. Basic psychological research 
in comprehension, memory, and problem solving would 
provide the basis for questionnaire items. 

In addition, as has been pointed out in the body 
of the report, this basic research has provided 
numerous findings which have potential applicability 
to the improvement of a student's strategies and 
skills. Naturally further efforts in these direc- 
tions are required. 

The present research program will attempt to 
incorporate manipulations based on a number of 
research findings explored in this review. Primarily 
we will use an extensive, empirically based question- 
naire to identify performance effective strategies, 
and will subsequently develop and assess procedures 
for training these strategies and others identified 
in the recent literature. 



63 



Aaronson, D. Topporal course of pGrcoption in an 

iromodioto recall tasks. Jou rnal of Experiir..mtal 
Psychology , 1968, 76, 129-140, 

Adiima, H.E., & Vidulich, R. N. Dogmatism and belief 
congruence in paired- associate learning. 
Poychological Re ports , 1962, 10, 41-94. 

Allen, K. Some effects of advance organizers and 

levGl of questions on the learning and retention 
of v/ritten social studies materials. Journa l of 
Educational Psychology , 1970, 61 (5), 333-339. 

Allen, M. S. Morphological crea tivity . Englewood Cliffs, 
N. J.: Prentice-Hall, 1962. 

Atkinson, R. D. , & Shiffrin, R. M. Human mem.ory : A 
proposed system and its control processes. In 
K. W. Spence and J. T. Spence (Eds.), The 
p sychology of learning and motivation . New York: 
Academic Press, 1968. Vol. 2. 

Ausubel, D. P. The use of advance organizers in the 
lev? ning and retention of meaningful verbal 
material. Journal of Educational Psychology , 
1960. 51, 257-272. 

Ausubel, D. P., & Fitzgerald, D. Organizing general 
background, and antecedent learning variables in 
sequential verbal learning. Journal of Educational 
Psychology , 1962, 52 (6), 243-249. 

Ausubel, D, P. , & Youssef , M, The role of discrimin- 
ability in meaningful parallel learning. Journal 
of Educational Psychology , 1963, 54^, 331-336. 

Ausubel, D, P. & Youssef, M. The effect of spaced 
repetition on meaningful retention. Journal of 
G eneral Rsychology , 1965, 13, 147-150, 



65 



Auiiubel, D, P. & Youssef , M. The effect of consolida- 
tion on secfuentially related, sequentially 
indopendont meaningful learning. Journal of 
Goneral Psycholocfv . 1966, 74 (2), 335-360. 

Bartlett, F. Thinking ; An experimental and social 
study. London: Allen and Unwin, 19 58? 

Bariett, G. V. & Thornton, D, L. Cognitive style 
differences between engineers and college 
students. Perceptual and Motor Skills, 1967, 
25, 789, • — 

Barrett, G. V. & Thornton, C. L. Relationship between 
perceptual style and driver reaction to an omer- 
gencv situation. Journal of Applied Psycholoqv, 
1968, 52, 169-176. ^ — 

Bauman, D. J. & Glass, G. V. The effects on learning 
of the position of an organizer. Paper presented 
at the meeting of the American Educational Research 
Association, Los Angeles, February, 1969. 

Beighley, K C. Experimental study of the effect of 
four speech variables on listener comprehension. 
Speech Monographs , 1952, 19, 249-258. 

Beilin, H. & Horn, R. Transition probability effects 
in anagram proolem solving. Journal of Experi- 
mental Psychology , 1962, £3, 514-518. 

Beller, E. K. Methods of language training and cogni- 
tive styles in lower class children. Paper 
p-esented at the meeting of the American 
F:iucational Research Association, New York, 
February 1967. 

Belmont, J. M. & Butterfield, E. C. Learning strategies 
as determinants of menory deficiencies. Co gnitiv e 
Psychology , 1971, 2, 411-420. 

Belcastro, F. P. Relative effectiveness of the inductive 
and deductive methods of programming algebra. 
Jovrnal of Experimental Education , 1966, 34, 77-82. 



ERIC 



66 



BEST COPY AVAILABLE 



Bonfarl, R. & Vitalo, P, Relationship betwoon vortical 
orientation in the rod and frame tost and in a 
cor>p.^nsatory track incT task. Perco ptual and Motor 
Skills, 1965, 20, 1073-1080. 



Biori, J. Category width as a measure of discrimination. 
Journal of Perso nality , 1969, 32» 513-521, 

Biggs, J. B. Faculty patterns in study behavior. 

A ustralian Journal of Psychology , 1960, 22 (2) , 
161-173. (a) 

Biggs, J. B. Personality correlates of certain dimen- 
sions of study behavior. Australian Journal of 
Psychology , 1970, 22 (3), 287-297. (b) 

Bjork, R. A. Theoretical implications of directed 

forgetting. In A. W. Melton and E, Martin (Eds.) 
Coding Processes in Human Memory . Washington, 
D, C : Winston, 1972. 

Bourne, L. E. , Jr. Factors af 'I -acting strategies used 

in problems of concept-formation, American Journa l 
of Psychology , 1963, 21' 229-238. 

Bousfield, W. A,, Puff, C. R., & Cowan, T. M. The 

development of constancies in sequential organiza- 
tion during repeated free recall. Journal of 
Verbal Learning and Verbal Behavior , 1954, 3, 
449-459. 

Boutwell, R. C. Effect of tasks sequence and memory 
support on Indian college students . Brigham 
Young University, Department of Research and 
Development, Office of Education, Washington, 
D. C. Regional Research Program ED-068 056, 
December, 1971. 

Bower, G. H. Analysis of mnemonic device. American 
scientist , 1970, 5£, 496-510. (a) 

Bower, G. H, Organizational factors in memory. 
Cognitive Psychology , 1970, 3^, 18-46. (b) 



67 



Bov;or, G. H. How to, . .uh. remember! Psycholog y Todav , 
1973 (October), 63-70. " " 

Bowor, G. H. , Clark, M., Kinzenz, D. , & Losgold, A. 
Hierarchical ristrievi^l schemes in recall of 
categorisad v/ord lists. Journal of Verbal Loarn- 
ing and Verbal Behavior , 1969, 8/ 323-343. 

Bower, G. H. & Roitman, J. S. Mnemonic elaboration in 
multilist learning. Journal of Verbal Learni ng 
and Verbal Behavior , 1972, 11, 47 8-485. 

Bower, T. G. R. Reading by eye. In H. Levin and J. 
Williams (Eds.) B asic studies in reading . Now 
York: Basic Books, 1970. " ' 

Bracht, G. H. Ejiperimontal factors related to aptitude- 
treatment interactions. Review of Educational 
Resear ch, 1970, 40_ (5), 627-645. 

Briggs, R. , Tosig, D. J., & Norley, R. Study habit 

modification and its effect on academic perforraance 
A behax'ioral approach. Journal of Edu cational 
. Res earch , 1971, 6_4 (8), 347-350. 

Brinkman, E. H, Programmed instruction as a technique 
for improving spatial visualization. J ournal 
of Applied Psychology , 1968, 50 (2), 179-184. 

Brooks, L. R. Spatial and verbal components of the 
act of recall , Canadian »Journal of Psychology , 
1958, 22, 349-368;^ 

Browa, F. G. & Dubois, T. G. Correlates of academic 

success for high ability freshman men. Personnel 
and Guidance J ournal , 1964, 42^/ 603-607, 

Brown, R. & McNeill, D. The "tip of the tongue" 

phenomenon. Journal of Ve rbal Learning and Verbal 
Behavior , 1966, 5, 325-337. 

Brown, W. F. & Holti^raan, W. 11, Survey of ^tudy ha bits 
and attitudes . New York: The Psycholo-"'ical 
Corporation, 1953. 



68 



Brown, P« 5. Holt. '.ir.au, H. Siirvoy of stud y habits 
and :iU-jJ:\Klos. "!-\yrm C, New YDrk: Tho Psychoro*^' 
gical "Coi-porvitioii , 1966 . 

Brown, \}. F., V?che, K. 0», bunker, V. G., & Ilaslam, 

W. L. Hf fcGtivenoss of student to student counseling 
on the acadeniic adjustmont of potential colloge 
dt-opouts. Journal of E ducational Psy cholog y , 1971, 
62, 285-289. ' 

Bruininks, R. H. Auditory and visual perceptual skills 
related to the reading performance of disadvantaged 
boys. Perceptual and Motor Skills , 1969, 29, 
179-186. ~~ 



Brunor, J. S., Goodnow, J. J., & Austin, G. A. A study 
of thinking . New York: Wiley, 1956. 

Bruning, R. H. Effects of review and test like events 
within the learning of prose material. Journal 
of Educational Psychology , 1968, 59^, 16-19. 

Budner, S. Intolerance of ambiguity as a personality 
variable. Journal of Personality , 1962, 30, 
29-50. " - 



Butterfield, E. C. & Belmont, J. M. Relations of 

storage and retrieval strategies as short-term 
memory processes. Journal of Experimental 
Psychology , 1961, 89_ (2), 3U-238. 

Butterfield, E. C, Belmont, J. M. , & Peltzman, D. J. 
Effects of recall requirement on acquisition 
strategy. Journal of Experimental Psycholog y, 
1971, 90 (iT7~347-348. 

Caldwell, U. R. , Schroder, D. B. , Michael, W. B., & 
Meyers, C. E. Structure of intellect measures 
and other tests as predictors of success in tenth- 
grade geometry. Educational rind Psychological 
Measurement , 1970, 3_0, 437-441 

Carver, R. P. A critical review of methemagenic 

behaviors and the effect of questions upon the 
retention of prose materials. Journal of Reading 
Behavior, 1972, 4 (2), 93-119. 



ERIC 



69 



Germak, S. Rehearsal strategy as <x function of 

recall expectation. Quarterly Journal of; £iiperi.~ 
ment.-^l Psyc hology, 197?, 378-335, 

Clark, M. C. & Bower, G. H. Narrative stories as 
mediators for serial learning. Psychonop uc 
Science , 19 69, 14, 181-182. 

Claunch , N. C. Cognitive and no ti vat ion ch ar ac to r i s t i cs 
ass ociated with concrete and abstract levols of 
cc mceptual con\plexity . Joint OMR and NIMH Report, 
Princeton University, 1964. 

Cody, M. An i nvestigation of the relative effecti veness 
of four m odes of presenting meaningful material to 
tx7Glfth grade students (Doctoral Dissertation, 
Fordham University). A^.in Arbor, Mich.: University 
Microfilm, 1962. No. 62-3759. 

Cofor, C. N., Bruce, D. R. , & Reicher, G. M. Clustering 
in free recall as a function of certain methodolo- 
gical variations. Journa l of E xperimental Psycho logy , 
19 66, 71, 858-866. 

Coleman, J. S. , Cam.pbell, E. Q. , Hobson, C. J., 

McPartland, J., Mood, A. II,, Weinfeld. F. D., & 
York, R. L. Eqviality of educational opportunity. 
Washington, D. C. , United States Government 
Printing Office, 1966. 

Crothers, E. J. Arbitrary cvc hierarchies learned by 
paired-component presentations. Journal of^ 
Experimental Psychology , 1969, 82 (2), 285-289. 

Crutchfield, R. S. , Woodworth, D. C. , & Albrecht , R. E. 
Perceptual performance and the effective person. 
WADC-TN-58-60 , ASTIA Doc. No. AD 151 039, 1958. 

Crutchfield, R. S. Creative thinking in children: Its 

teaching and testing. In 0. G. Brim, R. S. Crutchfield, 
and W. H. Iloltzman (Eds.), Intelligence : Perspectives 
1965. New York: Harcourt Brace, Jovanovich, 1966. 

Curia, A. R. The mind of a mncnomist . New York: Basic 
Books, 19 68. 



70 



BEST COPI MMIA^'-'- 



Daiiarrcau, D. i-v. An informcition proco:^siny jnodol of 
r.vontal multiplication. Unpiibl IshGd doctoral 
dissertation, Carnogio Mnllan University, 1969. 

Uanscrcau, D. F. , Kv.ms, S. li. , Wright, A. D. , Long, 
G. L. & Actkinson, T. A. F actors Re la tod to ■ 
D ove loping Instructional Information SequoncciS : 
Phasw 1, AFHRL-TR-73-51 (I) , Contract F41609-73- 
C-002 3, Lowry AFB Colorado, 1973, AD 777 832. 

Dv^nsoraau, D. F., Evans, S. H. , Actkinson, T. A., & 

Long, G. L. Factors Rolating to tho Develo pmont 
of Optional I nstructional Infortnation Sequenc es , 
AlMIRL-'rR-73-51 (TI) , Contract F41609-73-C-00237 
Lowry AFB Colorado, 1974. AD 783 843. 

Davis, G. A., Houtman, S. S., Warren, T. F. , & Roweton, 
W. E. A program for training creative thinking: 
I. Preliminary field test. Wisconsin Research 
and Development Center for Cognitive Learning and 
the Department of Educational Psychology, University 
of Wisconsin, 1969. 

Davis, W. L. & Phares, E. J. Internal-External Control 
as determinants of information-seeking in a social 
influence situation. Journa l of Personality, 1967, 
35, 547-561. ^ 

DeGroot, A. D. Thought and choice in chess . The 
Hague: Mouton, 1965 

Delias, M. & Gaier, E. L. Identification of creativity: 
The individual. Psychologi cal Bulletin, 1970, 73 
(1) , 55-73. ~ 

Dentler. R. A. & Mackler, B. Originality: Some social 
and personal determinants. Behavioral Science, 
1964, 9, 1-7. 

DcRussy, E. A, & Futch, E. Field dependence-independence 
as related to college curricula. Perceptual and 
>'otor Skills, 1971, 33, 1235-1237. 



71 

ERIC 



DiVesta, F. J. A theory of instructional strategy. 
In P. DiVesta, Sanders, C. Schultz, and P. 
Weener, Instructional strategies : A model and i ts 
application . Annual Report , Advanced Research 
^Projects Agency (Order No. 1269), July, 1971. 

Di Vesta, F. J., & Ross, S. M. Imagery ability, 

abstractness, and word order as variables in 
recall of adjectives and nouns. Learning and 
Verbal Behavior , 1971, IjO, 686-693. 

Dives ta, F. J., & Gray, S. Listening and ? ^te- taking. 
Journal of Educational Psychology . 1972, 63 , 
8-14. 

Driver, M. Conceptual structure and group processes 
in an internotion simulation. Part one: The 
perception of simulated motions. Educational 
Testing Service Research Bulletin , RB62-15, 1952. 

Dubin, R. & Taveggia, T, C. The teaching- learning 

paradox . Eugene, Oregon: University of Oregon 
Press, 1968. 

Duncker, K. On problem solving (Translated by L. S. 
Lees). Psychological Monograph , 1945, 58, Whole 
No. 270. 

Dunham, J. L. Guilford, J. P., & Hoepfnex. R. 
Multivariate approaches to discovering the 
intellectual components of concept learning. 
Psychological Review , 1968, 75, 206-221. 

Dworkin, S. & Holden, A, An experimental evaluation of 
sound films trips vs. classroom lectures. Journa l 
for the Society of Motion P icture and TV Engine ers , 
1959, 68, 383-385. 

Earhard, M. • Subjective organization and list organiaa- 
tion as determinants of free- re call and serial- 
recall memorization. Journal of Verbal Lear ning 
and Ve rbal Behavior , 1967, 6,, 501-507. Ta) 



72 



Earhard, M. The facilitation of memorization by 

alphabtJtic instructions. Canadian Journal of 
Psychology , 1967, 21 (1), 16-24. (b) 

Earhard, M. & Endicott, 0. Why aro there individual 

differences in subjective sequential organization 
during free recall H^eiivorization? Journal of 
Verbal Learning and Verbal Behavior , 1969, 8, 
316-319. 

Eisner, S. & Rohde, K. Note-taking during or after 
the lecture. Journal of Educational Psychology , 
1959, 50, 301-304. 

Ekstrand, B. R. & Dominowski, R. L. Solving words 

as anagrams: II. A clarification. Jo urna l of 
Experimer . tl Psychology , 1968, 71' 552-558. 

Epstein, W. Mechanism of directed forgetting. In 

G. H. Bower (Ed. ), The Psychology of Learning and 
Motivation , Vol. 6. New York: Academic Press, 
19 72. 

Ernst, G. W. & Hewell, A. GPS ; A case study in 
generality and problem s olving . New York: 
Academic Press, 1969. 

Ernst, G. H. & Paivio, A. Imagery and verbal associa- 
tive latencies as a function of imagery ability. 
Canadian Journal of Psychology , 1971, 17 f 83-90. 

Eyes tone, M. L. A comparison of the effectiveness of 
bulletin , film , and lecture with and without 
discussion , in presenting research xn formation 
(Doctoral dissertation. University of Wisconsin) . 
Ann Arbor , Mi ch . : Un i ve rs i t y Micro f i 1ms , 1966. 
No. 66-5904. 

Peather, N. T. Acceptance and rejection of arguments 

in relation to attitude strength, critical ability, 
and intolerance of inconsistency. Journal of 
Abnormal and Social Psychology , 1964, 69^, 127-136. 



73 



Fisher, J» L. & Harris, M. B, Effoct of note taking 
and review on recall. Journa l of Educational 
Psy chology , 1973, 65 (3), 321-325. 

Frase, L, T, Effect of question location, pacing, and 
mode upon retention of prose material. Journal 
of E ducationa l Psychology , 1968, 59_, 244-249. 

Frase, L. T. Paragraph organization of written materials 
The influence of conceptual clustering upon the 
level and organization of recall. Journal of 
Educat i on al Fsy ch ology , 1969, 60 , 394-401. 

Frase, L. T. Boundary conditions for mathemageniG 

behaviors. Review of E ducational Research , 1970, 
40 (3), 337-347. 

Fredrick, W. C, A comparison of verbal statement, 

symbolic notation, and figural representation of 
programmed structural grammar. Paper presented 
at the meeting of the American Educational 
Research Association, Los Angeles, February, 1969. 

French, J,, Ekstrom, R. , & Price, L. Kit of reference 
tests for cognitive factors . Princeton , N . J . : 
Educational Testing Service, 1963. 

Garcia, D. & T'Jhigham, N. Validity of SSHA administered 
before and after college experience. Educational 
and Psychological Research . 1958, 18/^r45-851. 

Gardner, R. W. Cognitive styles in categorizing 
behavior. Journal of Personality , 1953, 22, 
214-233. 

Gay, L. R. Temporal position of reviews and its effec t 
on the retention of mathematical rules . Florida 
State University Comp ut e r- As s i s ted Instruction 
Center, Contract No. N000L4-68-A-1494, Personnel 
and Training Research Program, Office of Naval 
Research, AD 279 055, April 30, 1971. 



74 



BEST COPX AVAILABLE 



Gerltich, V. S» , Schulta, R. E, , Bakor, R. L., « :^azQT , 
G. E, Effects of variations in diroctions on 
oritjinality test rosponsG. J ournal of Rduca bio nal 
Psychology , 1964, 55, 79-83. 

Ghisolin, B. The crGat ive pr ocess . Berkeley, Calif.: 
University of California Press, 1952. 

Goldfried, M. R, & D'Zurilla, T. J. Prediction of 
academic competence by means of the survey of 
study habits and attitudes. Journal of Educa- 
tional Psychology , 1973, £4, 116-122." 

Goldman, R. D. Effects of logical versus mnemonic 
learning strategy on performance in two under- 
graduate psychology classes. Journal of Educati onal 
Psychology , 1972, 63/ 347-352." 

Goldman, R. & Hudson, D. A. A multivariate analysis of 
academic abilities and strategies for successful 
and unsuccessful college students in different 
major fields. Journal of Educational Ps ychology , 
1973, 65 f3), 364-370. 

Goldman, R. & Warren, R. Discriminant analysis of study 
strategies connected with college grade success in 
different major fields. Journal of Educational 
Measurement , 1973, 10, 39-47. 

Gozali, H. , Cleary, T. A. , Walster, G. W. , and Gozali, 
J. Relationship between the internal-external 
control construct and achievement. Journal of 
Educational Psychology , 1973, 64 (1), 9-14. 

Green, A. M. , Green, E. E. , & Walters, E. D, Brain 

wave training, imagery, creativity and integrative 
experiences. Paper presented at the firrt annual 
symposium on Biofeedbacks for Counseling, Education, 
and Psychotherapy, VA Hospital, Topeka, Kansas, 1973. 

Gregg, L. W. & Simon, H. A. An information processing 
explanation of one trial and incromental learning. 
Journal of Verbal Learning and Verbal Behavior , 
1967, 6, 780-787. 



75 

ERIC 



Criove, T» D. , & Daviii , J. K, Tho ro3 .it lonuh ip or 
covjfUtlvo lityU? and iTK-ithoci of ituitruciioir to 
p:jr ."5ir:r.anco in ninth grade googiranhy. Jourrioj. 
Hi i^>i^^Ll|on^l I^osnarch, .1971, £5, 137-141*." ~ 

Gro.iinoor, T,, D. >'>nj:^r>\onic ir.v;^tu*y anfl forgt^ttinq. 
Psy G honom ic ScUnice , 1971, 23^ <2) , lCl-16 3. 

Guii ford, J. P., Kospfnor, R. , & Peterson, II. 
Prediction of achievemGnfc in ninth-grado 
tnathenatics from r.easuros of antitudo factors. 
S^duea tional and P sycho logl eg 1 M ea^mre mont , 1965, 
25, 650-682. 

Guilford^ J. P. & Iloepfner, U. T ha ana lysis of 

intelligence . New Yo rk : McG raw- iti 1 1 , 1 9 7 J . 

Kart, J. T. Mamory and the feeling of knowing 

expsrience. Journal of E ducation al Psychology, 
1965, 5S_f 208-216. 

Hartnetc, R. T. Learning style preferences among 

college students. College Entrance Examination 
Soard Research and DoveloDnient Reports, RB-73-14, 
19 73. 

Haslaici, L. & Brown, W. G. Effectiveness of study- 
skills instruction for high school sophomores. 
o'ourn al of Educational Ps ycho log-/ , 1968, 59, 
22 3-2^2 5. " ' 

Herculane, M. A survey of the flexibility of reading 
rates and techniques according to purpose. 
Journal of De velopmental R eading , 1961, 4 (3), 
207-210". 

Hersch, P. D. & Scheibe, K. G. Reliability and 
validity of Internal-Sxternal control as a 
personality dimension. Jou rnal of Consulting 
Psychology , 1967, 31, 609-51lT; 

Kest^^jr, F. M. & Tagatz, G. B. The effects of cognitive 
style and instructional strategy on concept 
attainment. J ournal of General Psychology , 1971, 
B5_, 229-237. 

Hill, W. R. Influence of direction upon the reading 

flexibility of advanced college readers. Y earbook 
^ t^^- National Reading Con ference , 1964, 13, 
119-125. 



76 



Hills, J. R. Factor analyiicd abilitios and success in 
college mathematics. Educ ational and Psych o 1 o ^j i ^ 
Measuroinent, 1957, 17 ,"615-622, 

Hintzinan, D. L. Effects of repetition and exposure 
duration on memory. Journal of Experimental 
Psychology , 1970, 83, 4 35-4 44. 

Hintzman, D» L. & Block, R, A. Memory judgmonls i-vnd 

the effects of spacing. Journal of Verbal L oarning 




and Verbal Behavior, 1970, 9, 561-565. 

Hockey, R. Rate of presentation in running memory 
and direct manipulation of input-processing 
strategies. Quarterly Journal of E xperimenta l 
Psychology, 1973, 25, 104-111. 

Holtzman, W. H. & Brown, W. F. Evaluating the study 
hsdDits and attitudes of high school students. 
Journal of Educational Psychology , 196 8, 59^, 
404-409. 

Hunt, E. & Love, T* How good can memory be? In A. 

Melton and E. Martin (Eds.), Coding Processes iri_ 
Human Memory . New York: John Wiley and Sons, 
1972. 

Hyman, R. On prior information and creativity. Psycho 
logical Reports , 1961, 9, 151-161. 

Jacoby, L. L. Test appropriate strategies in retention 
of categorized lists. Journal of Ve rbal I>ear ning 
and verbal Behavior, 1973, 12, ^75-685. 



James, N. E. Personal preference for method as a 
factor in learning. Journal £f Educational 
Psychology , 1962, 53, 43-47. 

Jenkins, J. R. , Neale, D. C, & Deno, S. L. Differen- 
tial memory for picture and word stimuli. Paper 
presented at the meeting of the American Educational 
Research Association, New York, February, 1967. 




ERIC 



Johnson, D. M. , Parrott, G. L. , & Stratton, R. P» 
Production and judgment of solutions to five 
problems. Journal of Educational Psycholog y , 
1968, 5_9, (Monograph Supplement No. 6). ^ 

Johnson, D. M. Systematic introduction to the psychology 
of thinking . New York: Harper and 'Rov;T~1972. ' 

Julian, J. W. & Katz, S. B. Internal control and the 
value of reinforcement. Journal of Perso nality 
and Social Psychology , 1968, 8, 89^9T; — — ' 

Kagan, J., Moss, H. A., Sigel, I. G. The psychological 
significance of styles of conceptualization. In 
J. F. Wright and J. Kagan (Eds.), Basic Cog nitive 
Processes in Children . Monograph of the Society 
for Research in Child Devel opment, 196 3, 28"^ 
73-112. 

Kagan, J., Rosman, B. , Day, D. , Albert, J., & Phillips, 
W. Information processing in the child: Signifi- 
cance of analytic and reflective attitudes. 
Psychological Monographs , 1964, 78, (1, V«Jhole no. 
578) , 

Kennedy, R, s. The relationship of field independence, 
extraversion and neuroticism to success in naval 
aviation training. Appendix A. Unpublished 
doctoral dissertation. University of Rochester, 
1972. 

Keogh, B. K. & Donlon, G. McG. Field dependence, 

impulsivity and learning disabilities. Journal 
of Learning Disabilities , 1972, 5, 16-21"; 

King, D. J. Retention of connected meaningful material 
as a function of mode of presentation and recall. 
Journal of Experimental Psychology , 1968, 77, 
676-683. 

King, D, J. & Madill, J. Complex methods of presentation, 
internal consistency of learning material, and 
accuracy of written recall. Psych ological Reports, 
1968, 22, 777-782. 



o 78 

ERIC 



BEST COPY ftVAllABlE 



Klaiisir.oier, H. J. & Mc?inko, D. L. Concept attainment 
as a fxinction of instructions concorning the 
siiimilus material, a strategy, and a principle for 
securing information* Jonrnal of E ducat j onal 
Psy oholo^v , 19 68, 215-222. 

Klock, R, E. & Whoaton, J. Dogmatism and rosponses to 
opinion-consistent and opinion-inconsistent 
information. Journal of Po rs onality and Social 
Psychology , lOT? , 5 (2), 249-252, 

Klein, G. S. Need and regulation. In M. R. Jones 

(Eds.), Nebraska Symposium on Motivation , Lincoln, 
Nebraska: University of Nebraska Press, 1954. 

Koestler, A. The act of cr eation . New York: Macmillian, 
1964. 

Kolers, P. A. Three stages of reading. In H, Levin 

and J. Williams (Eds.) , Basic Studies in Reading, 
New York: Basic Books, 1970. 

Koser, S. G, & Natkin, G. The effects of imagery and 
rote repetition instructions on the ability to 
reason from logical and scrambled sequences. 
Paper presented at the Annual Meeting of American 
Educational Research Association, April, 1972. 

Lazarus, R. S., Baker, R. W. , Broverman, D. M. , & 

Meyer, J. Personality and psychological stress. 
Journal of Personality , 1957, 25, 559-577. 

Lee, L. C. , Kagan, J., & Rabson, A. The influence of 
a preference for analytic categorization upon 
concept acquisition. Child Development , 19 63, 
3±, 4 33- 442. 

Letson, C, T. Speed and coinprehension in reading. 

Journal of Educational Research , 1958, 52^, 49-53, 

Letson, C. T. The relative influence of material and 
purpose on reading rates. Journal of Edxicational 
Research, 1959, 52, 238-2 40. 




79 



Levin, B, J. The flexibility of the rGading rate. In 
J. A. Figurel (Ed.) , Forging ahead in reading - 
Proceedings of the 12 tli Annual Convention of the 
Inte rnational Reading Association , 1968, 12^ (1) , 
596-603. 

Lieberman, L, R. & Culpepper, J. T. Words vs. objects: 
Comparison of free verbal recall. Psy cho log i ca 1 
Repo rts, 1955, 983-988. 

Lindsay, P. H. & Norman, D. A. Human informal process J ng •■ 
Ai: introduction to psychology . New Yorlcs Academic 
Press, 1972. 

Long, G. Pacing strategies in "good" and "poor" readers. 
In preparation, 1974. 

Lordahl, D. S. Concept identification using simultaneous 
auditory and visual signals. Journa l of Experimental 
Psychology , 1961, 62^, 283-290. 

Luchins, A. S. Mechanization in problem solving. 
Psychological Monograph , 1942, 5£, No, 248. 

Mayhew, A. J. Interlist changes in subjective organiza- 
tion during free-recall learning. Journal of 
Experimental Psychology , 1967, 74, 425-430. 

McClenddn, P. An experimental study of the relationship 
between note-taking practices and listening 
comprehension of college freshmen during expository 
le^^tures. Unpublished doctoral dissertation, State 
University of Iowa, 1948. 

McConkie, G. W. , Rayner, K., & Mayer, B, J. Manipulating 
reading strategies through payoff conditions. 
Unx>ublished manuscript, Cornell University, 1971. 

McConkie, G. W, , Rayner, K. , & Wilson, S. J. Experi- 
mental manipulation of reading strategies. Journal 
of Educational Psychology , 1973, 65 (1), 1-8. 



80 

erJc 



McHenry, C. The effect of notG-takmg on listening 
comprohensioii in an inunocUato recall situation. 
USAFA Educ^\tional Res q arc h Report 69-2, 1969. 

McLean, R, S., & Gregg, L. W. Effects of indxiCGd 

chunking on teinporal aspects of serial recitation. 
Joivrnal of Experimental Psychology , 1967, 74_, 455-459. 

Meadow, A., Parnes, S. J. & Reese, K. Influence of 
brainstorming instructions and problem sequence 
on a creative problem solving test. Journal 
of Applied Psychology , 1959, 43, 413-416. 

Melton, A. & Martin, E. (Eds.), C oding Processes in 
Human Memory . New York: Wxley & Sons, 1972. 

Merrill, M. D. & Stolurow, L. M. Hierarchical preview 

vs. problem oriented review in learning on imagSnary 
science. American Educational Research Journal , 
1966, 3, 251-261. 

Messick, S. & Damarin, F. Cognitive style and memDry 
for faces. Journa l of Abnormal and Social 
Psychology ,196 4, 6^, 313-317, 

Miller, G. A, The magical number, seven, plus or minus 
twos Some limits on our capacity for processing 
"'.nformation. Psychological Review , 1956, 6_3, 
81-97. 

Miller, G. A,, Galanter, E. , & Primbram, K. H. Plans 
and the structure of behaviors. New York; Henry 
HoXt and Company, I5"60, 

Moore, & Goldiamond, I. Errorless establishment of 
visual discrimination using fading procedures. 
Journal of Experimental Analysis of Behavior , 
1964, 7,"T69-272. 

Morgan, C, T. & Deese, J. How to s tudy . New York? 
McGraw Hill, 1957. 

Mowbray, G. H. Simultaneous vision and audition; The 
comprehension of prose passages with varying levels 
of difficulty. Journal of Experimental Psycholo gy, 
1953, 46, 365-372. 

Nelson, D. L. & Archer, C. S. The first letter mnemonic. 
Journal of E ducational Psychology , 1972, 63 (5), 
482-486. 



o 81 

ERIC 



Newell, A., Simon, H. A,, & Shaw, J. C. Elemonts of 

a theocy of human problem solving. Psychological 
Review , 1958, £5, 151-16C. 

Newell, A., Simon, N. A., & Shaw, J. C. Report on a 
general problem solving problom. Proceedings 
of I nternational Conferenc e on Information 
Processing . Paris; UNESCO, 1960, 256-254. 

Newton, J, M. & Hickey, A. E. Sequence effects in 

programr;ed learning of a verbal concept. Journal 
of Educv. :ional Psychology , 1965, 65^ (3), 140-147. 

Olton, R. M. & Crutchfield, R. S. Developing the 
skills of produGtive thinking. In P. Mussen, 
J. Langer, and M. V. Covington (Eds,), New 
Directions in Developmental Psychology , New 
York! Holt, Rinehart, and Winston, 1969. 

Osborn, A. F. Applied imaginatio n. New Yorks Scribners, 
1953. 

Paige, J. M. & Simon, H. A. Cognitive processes in 

solving algebra word problems. In B. Kleinmuntz 
(Ed, ) , Problem Solving : Research , Method and 
Theory . New York: Wiley, 1966, 51-119. 

Paivio, A. Mental imagery in associative learning and 
memory. Psychological Review, 1969, 76 (3), 241- 
263. 

Paivio, A. & Ernst, C. Imagery ability and visual 
perception of verbal and nonverbal stimuli. 
Perception and Psychophysics , 1971, 10, 429-432. 

Paivio, A. Imagery and verbal processes . New York: 
Holt Rinehart, and Winston, 1971. 

Parsons, P. J. & Frase, L. T. Verbal versus graphic 

presentation of learning material. Paper presented 
at the meeting of the American Educational Research 
Association, Chicago, February 1968. 

Pauk, W. Does note- taking interfere with listening 

comprehension? Journal of Developmental Reading , 
1963, 6, 276-278. 



32 



BEST COPY AVAiLABLE 



Potora, D. & Harris, C» Noto-taking and review in 
rocognition learning. In F. DiVosta et al. 
Instructional S tratogics ; M ultivariablG Studies 
o7 Ps ychological Proceasos Related" to Instru ction. 
ARPA "Annual ROport (Order No, 1269), 1970, r07-124. 

Pettigow, T. F. The moasuroment and correlates of 

category width as a personality variable. Journa l 
of Personality , 1958, 25, 532-544. 

Phares, E, J. Differential utilization of information 

as a function of internal-external control. Journ al 
of Personality , 1968, 36, 649-662. 

Poly a, G, How to spl.ve it. Garden City, New York: 
Doubleday Anchor, 1957. 

Posner, M. I. Information reduction in the analysis of 
sequential tasks. Psychological Review, 1964, 71^ 
(6), 491-504. 

Proger, B. , Taylor, R. , Mann, C, Coulson, J., & Bayuk, 
R. Conceptual prestructuring for detailed verbal 
passages. In Preceedings of the 77th Annual Conven- 
tion of the American Psychological Association , 1969, 
4, 619-620. 

Rankin, E. F. How flexibly do we read? J ournal of 
Reading Beh ^ vior , 1970, 3 (3), 34-38T 

Rankin, E, F. & Hess, A. K. The measurement of internal 
(intra-article) reading flexibility. Y earbook of 
the National Reading Conference , 1970, 1£, 254-262. 

Reir;her, G. M. & Haller, R.- Further studies of the 

master's eye. Unpublished manuscript. University 
of Ore<w,on, 1971. 

Reitman, W. , Malin, J. T. , Bjork, R, A., & Hlgman, B. 

Strategy control and directed forgetting. Journal 

of Verbal Learnin g and Verbal Behavior , 1973, 73 (12) , 

140-149. 

Robinson, F. P. Effective study . New York: Harper 
and Brothers, 1946, 29'. 



83 



Rohwei, W. D. , Jr. ,. Lynch, S., Levin, J. R. , & Suiiuki, 
N. Learning efficiency as a function of depichlon, 
verbalization, grade, and social class. Jour?, tl 
of Experiment.al Child Psychology , 1967, 5^, 294-302, 

Rokeach, M, The open and closed mind . New York: Basic 
Books, 1960. 

Rothkopf, E. 2. Some theoretical and experimental 
approaches to problems in written instruction. 
In J. D. Krumboltz (Ed. ) , Learning and the 
Educational Process . Chicago: Rand Mcl*]ally, 1965. 

Rothkopf, E. Z. Learning from written instructive 
materials: An exploration of the control of 
inspection behavior by test-like events. 
American Educational Research Journal , 1966, 3, 
241-249. 

Rothkopf, E. Z. & Bisbicos, E. E. Selective facilita- 
tive effects of interspersed questions on learning 
from written materials. Journal of Educational 
Psychology , 1967, 5£ (1), 56-61. 

Rotter, J. B. Generalized expectancies for internal 
versus external control of reinforcement. 
Psychological Monographs , 1966, 80 (Whole no. 609). 

Salomon, G, Training for response uncertaiiity. Paper 
presented at 76th Annual Convention of the 
American Psychological Association. San Fransisco, 
1968. 

Salomon, G. Can we affect cognitive skills through 

visual media? An hypothesis and initial findings. 
AV Communication Review , 1972, 20 (4), 401-422, 

Sanders, N. M. & Tzeng, 0. The relationship between 
rote and conceptual learning ^ In DiVesta, F. J,, 
Sanders, N. M. , Schultz, C. B. , and Weener, P. B. 
Instructional Strategies ; Multi variable Studies 
of Psychological Processes Related to Instruction . 
ARPA Semi -Annual Report, 1971, 



84 



Santa, J. C, Rxv3kin, A. B. , & Yio, J. H. ymemonic 
systems in free recall. Psycho logi pal Reports, 
1973, 32^, 1103-1170. 

Scandura, J. & Wells, J. Advance organizers in 
learning abstract mathematics. Amer ican 
ndiicntional Research Journal , 1967, 4, 295-301. 

Schr;eidlor,G. R. Visual lir.agory corrolated to a measivrG 
of creativity. 2l Consulting Psychology , 

1965, 29 (1), 73-. <J. 

Schroder, H. , Driv-^r. , Stcufort, ft. Huix^n informa- 
tion process ..g> hQ\t, Rinchart and Winston: New 
York, 1967. 

SchultH, C. B. £< DiVesta, F. J. E£::cts of passage 

organization and note taking on the selection of 
clustering strategies and on recall of textual 
materials. Journal of Educational Psycholo_g_y, 1972, 
63 (3) , 244-252 . 

Schultz, R. W. & Kasschau, R. A. Serial learning as a 

function of meaningfulness and mode of presentation 
with audio and visual stimuli and equivalent 
duration. Journal of Exgerin^ntal Psy chology , 1966, 
71 (3), 350-354. 

Scott, N. & Sigel, I. E. Effects of inquiry training 
in physical science on Greativity and cognitive 
styles of elementary school children. Research 
Report for United States Office of Education, 3 965. 

Seam .n, J. & Gazzaniga, M. Coding strategies and 

cer'sbral laterability effects. Cognitive Psychology , 
1973, 5, 249-256. 

Seeman, M. & Evans, J. W. Alienation and learning in a 
hospital setting. American gv ^ciological Review , 
1962, 27, 772-783. 



85 



JJocitr^an, M. Alienation and social learning in a rnfom- 
atory. Amorican Journal of S ociology , 196 3, 69 , 
270-284. 

Soils, S. B. The atniosphere effect: An experimental 
study of reasoning. Archives of Psycholog y, 
1936, 300. 

Scvorin, F, T. & Rigby, M. K. Influence of digit 
grouping on nemory for telephone numbers. 
Journal of Applied Psychol ogy, 1963, £7, 117-1] 9. 

Shaughnossy, J. J., Ziimerman, J., & Undenvood, B. J. 

Further evidence on the MP-DP effect in free recall 
learning. Journal of Verbal Learning and Ver bal 
Behavior , 1972, 10^, 1-12, "'^ 

Sieber, J. E. & Lanzetta, J. T. Conflict and conceptual 

structure as determinants of decision making behavior 
Journal of Personality and Soc. al Psy chology , 1964, 
4, 622-641. 

Sieber, J. E. Si Lanzetta, J. T. Some determinants of 
individual differences in predecision information 
processing behavior. Journal of Personality , 1966, 
4, 561-571. 

Sieber, J, E. Lessons in uncertainty. The Elementa ry 
School Journal , 1969, 69, 304-312. 

Siegel, L. & ^icgel, L. C. Educational set: A determi- 
lant of acquisition. Journal of Educational 
Psychology , 1965, 56, 1-12. 

Si gel, I. E. Si gel cognitive style test . Detroit: 
Merrill Palmer Institute, 1967. 

Skinner, B, F, An operaut analysis of problem solving. 
In B. Kleinmuntz (Ed.), Problem Solving : Research , 
Method and Theory . Mew York: Wiley, 1966, 225-257. 

Stevenson, H. V7. & Siegel, A. Effects of instruction 
and age on retention of filmed content. Journa l 
of Educational Ps ychology , 1969, 60_, 71-74. 



86 



Strakton, R» P. & Bro.vn, R. Itnprovimj croative thinking 
by training in tho production and/or judgment of 
solutions. Jour nal of jJ ducational PsyGhologY r 1972, 
63 (4) , 390-397. 

Streufert, S. , Clardy, M. , Driver, M. , Karlins , M. , 

Schroder, H., & Suedfeld, P. A tactical game for 
the andysis of complex decision making in 
individuals and groups. Psychological Reports, 1965, 

17, 723-729. 

StrooP, J. R. Studies in interference in serial verbal 

reactions. Journal of Experimental Psychology , 1935, 

18, 643-661, 

Stuart, I. R. Perceptual style and reading ability: 
Implications for an instructional approach. 
Perceptual and Motor Skills , 1967, 2£r 130-138. 

Suedfeld, P. & Hagen, R. L. Measurement of information 
complexity: I. Conceptual structure and 
information pattern as factors in information 
processing. Journal of Personality and Social 
Psychology , 1966, £, 2 33-236. 

Tarrance, D. G. & Davis, J. K. The relationship of 
cognitive style and method of instruction to 
performance in ninth grade geography. The Journal 
of Educational Research , 1971, 65^, 137-141. 

Thornton, C. C. Barrett.. G. V,, & Davis, J. A. Field 
dependence and target identification. Human 
Factors , 1968, 10, 493-496, 

Torrance, E. P. Role of evaluation in creative thinking . 
Bureau of Educational Research, University of 
Minnesota, 1964, 

Travers, R. Studies related to the design of audiovisual 
teaching materials. Final Report, 1966, Western 
Michigan University, Contract No. 3-20-003, US 
Department of Health, Educational and Welfare. 



87 



ir.foripjtiion trvin.^>:uUu: ion • i^jvi:u.Hi iv(iil:i^..^n of report, 
1967, .,ustt)rn Michlvjcun Uiuvv^rs i ty , Conir ioi . 

and Welfare. 

Tulvinxj, Sub jocLi^^D ot*jxia i^^at ion in free rooill of 

b9^, 344 -3S 4. 

Vwua Mondfx^ansy A. P., Si Tr avers , R, j^uarniny of redundant 
mtorial presented rhrough Uvo r.on;.^ory r^odal iLieri . 
Px ^rco ptual and Motor Skil^ls^, 196^1, 19 (3) , 743-751. 

Knllach, A* > & Caron, A. J. Attribute critoriality 
and scx^linkod conservatism as determinants of 
t>sycholo^iical similarity* Journal of Abnormal aiid 
Social Psychology y 1959 / 59^^ 43-50. 

Warren, T» F., & Davis, G* A. Techniquos for creative 

thinking: An empirical coiiiparison of three methods. 
Psychological Re por ts , 1969^, 25 , 207-214 . 

Wubor, R. & Castleman^ J. The time it takes to imagino. 
Pe r c op ti o n aiid P sychoph i ysics / 197G, 8_, 165-168. 

WGis;5kopf-Jnelson/ E., & Eli.^ooy T. S. An cxpcrijuontal 
study of the cf f eL^tiveness of brainstorming* 
Journal of Applied Psychology , 1961 1 45_, 45-49. 

Wickelgren, W. A* Size of rehearsal group and short^-terin 
memory. Jo urnal of Experim ental Psychology / 196 4, 
6_B (4) , 413-419. 

Witkin, H. A. , Lewis, H. B. , Hert^man^ M. , Machover, K. , 
Me i s s n e r , P , B . , Wa p n e r , S • Personality through 
percepti on , New York r 1 \ n rpe r , 1954 • 

Witkin, II. A-, Dyk , R. 3., Fatcrscn, lU F., Goodonough, 

D. R./ i Karp, S. A. P s y ch o 1 og i c a 1 d i f f e r e n t i a t i on : 
Studies of development . Ke;v York; Vviloy, 1962. 



PS 



BESI COPY WIE 



V/itkin, It, A., Coodanouyh, D. R* , & Karp, S. A. Stability 
of <;-.y3ni tivo stylo from childhood to young adulthood, 
jou.i tj^ of Personality and Social Psycho logy » 1967, 7, 
2 91""" 300* 

Witkin, H. A., Oltman, P. K., Cox, P. W. , Ehrlichman, K, , 
Ilcirvm, R. M. , & Ringlor , R. W. Fi Gld-DGpond Gnce - 
Indt-'pGndonco and Ps y ch o I og i ca 1 Dif ferenti at ion . 
Educational Testing Service Research Bulletin RB-73-62, 
1973. 

Wood, G. Mnemonic systems in recall. Journal of Education al 
Psychology , 1967 , 5_8 (6) , 1-27. 

Woodworth, R. S., & Sells, S. B. An atmospheric effect in 
forr.al syllogistic roasoning. Journal of Experimental 
Psychology , 1935, L8, 451-460. 



89 



